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The YU@B Yagi Antenna 


Since its conception in 1926, the Yagi antenna 
has always been a center of interest due to its 
very favourable ratio between its electrical per- 
formance and its mechanical properties (dimen- 
sions, weight, windload). Both the theoretical 
analysis and practical experiments have pro- 
duced many successful designs. Actual Yagi- 
antenna designs are not limited to the original 
rod-type element design: discs, loops, quads and 
many other forms, including combinations of the 
above, are also being successfully used. On the 
other hand an excellent agreement between 
computer predictions and actual experimental 
results has been obtained, right down to a fraction 
of a dB for the Yagi-antenna gain (2). 


While the design of a single Yagi antenna has 
been developed almost to the physical limits of 
gain, bandwidth and side lobe attenuation, the 
problem of parallel operation of several identical 
antennas (stacking), and in particular the inter- 
actions between the single antennas connected 
together in the system, has received considerably 
less attention from researchers and experi- 
menters. 


In this article, a careful analysis of the pro- 
blem of stacking Yagi antennas is made first. 
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The results are then used to produce a very 
successful dual-yagi design called the YUOB 
Yagi antenna for the 2 m amateur band. The 
same results are also used to compute the 
stacking distances for a number of YUOB 
dual-yagi antennas resulting in very compact 
high-gain arrays. Finally all the theoretical 
results have actually been confirmed by many 
different practical measurements. 


1. 
SINGLE YAGI ANTENNA GAIN 


The gain of a single Yagi antenna depends pri- 
marily upon its boom length (fig. 1), only minor 
deviations being possible because of different 
reflectors, feeding systems and element length 
and spacing tapers. Each doubling of the boom 
length yields some 2.3 dB of additional gain. 


It should be noted that the gain curves of fig. 1 
only show the maximum obtainable gain, for a 
given boom length, with a carefully optimized 
antenna. Many popular designs are unfortunately 
far below these figures! 
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Fig. 1: Gain of optimized antennas, and optimization factor K,, as a function of the boom length 


2. 
STACKING YAGI ANTENNAS 
INTO A SYSTEM 


Above a cerlain gain value, a single Yagi antenna 
becomes inconveniently long for practical con- 
struction and installation. itis therefore necessary 
to stack a number of shorter Yagis to form an an- 
tenna system of the required gain. 


It is a widely held opinion, that the interactions 
between the individual antennas in an array have 
a destructive influence on the characteristics of 
the array: decreased gain and increased side 
lobes. Therefore, almost all the authors (and 
manufacturers) of Yagi antennas just specify the 
minimum stacking distance between the single 
antennas in both planes. The straight-forward 
parallel connection of two judiciously spaced an- 
tennas can really provide almost 3 dB of stacking 
gain, however, at the expense of increased side 
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Fig. 2: Gain of two stacked Yagis with a different 
number of elements as a function of the 
spacing 


lobes, unnecessarily narrow main lobe and also 
requiring a lot of precious space! An in-depth 
analysis of the mutual influence between the in- 
dividual antennas is therefore required. 


It can be immediately seen from fig. 2, drawn 
for two stacked 2, 3, 6 and 7 element Yagis (1), 
that the system gain is not a simple function of 
the spacing between the antennas. The inter- 
action between two stacked half-wave dipoles 
shows an even more noticeable gain oscillations 
(tig. 3). Interestingly, all these curves show a 
clear maximum at a spacing of 0.6 ’. Of course if 
the stacking distance approaches zero the gain 
drops to the value of a single antenna. 


Besides the integration of the radiation patterns, 
the gain of two identical stacked antennas can 
also be calculated from their self and mutual im- 
pedances, provided that the gain of the individual 
antennas is known. This method has the side 
advantage that the mutual impedances can be 
measured much faster and to a higher accuracy 
than the radiation patterns! 


The mutual impedance between two 2. / 2 dipoles 
as a function of their spacing is shown on fig. 4 
(1 and 3). 
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Fig. 3: Gain of two stacked half-wave dipoles 
dependent on the spacing 


Since to calculate the system gain we actually 
have to compute the input power to each antenna, 
only the real parts of R,, the self and mutual im- 
pedances, will play a role in the calculation. It's 
easy to predict that the maximum gain will occur 
when the mutual resistance reaches a minimum. 


In the general case, the stacking gain of two 
identical antennas connected in a system, ex- 
pressed as a field intensity ratio over a single 
(reference) antenna, is given by the following 
equations (3): 


in E plane: 


aes ee | 

ra 
G, (@) os 
R:, +R +2 


in H plane: 


2 Roe 


G{O) = _ 
Ri r Riz 
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Fig. 4: The mutual impedancé and mutual resistance of two half-wave dipoles as a function of their spacing D 


where: 


Roo = self-resistance of a single (reference) 
antenna (73 22 for dipole) 


R;; = self-resistance of each antenna in system 
= Roo 
Rio = mutual resistance = Ry, 


d, = distance between antennas expressed 
in radians 


With the above equations, it is very easy to 
explain fig. 2 and 3, showing the stacking gain, 
for 4. / 2 dipoles and for short Yagis respectively, 
as a function of the stacking distance. 


The stacking gain for, / 2 dipoles reaches the first 
maximum of 3.8 dB at a distance of about 0.65 i. 
The next maximum of about 3.3 dB is reached at 
a distance of 1.7 4. Both maxima could have 
been predicted from fig. 4, observing the curve 


for Ry. Here it is important to notice, thal a 
favourable interaction between stacked antennas 
can increase the stacking gain even above the 
3 dB value! 


However, the effective antenna aperture in- 
creases proportionally with the antenna gain. Of 
course, the stacking gain of two antennas will be 
decreased if their effective apertures overlap. 
Fig. 5 shows the optimal stacking distance to 
avoid effective aperture overlapping. Aperture 
overlapping also explains fig. 2. In the case of 2 
element Yagis, the respective apertures are so 
smail that the stacking gain peak at 0.65 2 js still 
evident. In the case of 3 element Yagis, this 
maximum is already flattened and shifted to a 
slightly higher distance. 6 Element Yagis show an 
attenuated peak at 0.65 ) whilst another maxi- 
mum starts at about 1 4 stacking distance, when 
the effective apertures no longer overlap. Finally, 
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Fig. 5: Optimum stacking distance avoiding aperture 
overlapping 


for 7 element Yagis, the attenuation, caused by 
aperture overlapping, ends justin front of the 1.7’ 
stacking distance maximum. The 0.65 % maxi- 
mum is of course noticeably attenuated. 


From the above we may conclude that we have to 
deal with two different effects when stacking an- 
tennas: 


1. Again rise caused by a constructive interaction 
between the antennas; 

2. A gain fall caused by effective aperture over- 
lapping 

The sum of both these effects is the actual 

stacking gain! 


The above conclusions have, however, an 
even more important consequence. Itis a very 
bad practice to arbitrary choose the length of 
the single antennas and then try to find an 
optimum stacking distance. To design an 
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Fig. 6: Stacking gain at 5 / 8}. distance as a function 
of the antenna length 


optimum system, it is better to choose a suit- 
able stacking distance where stacking gain 
maxima are known to occur (0.65 4, 1.7 2, ...). 
Then the optimum single antenna gain (= Yagi 
antenna boom length) is chosen to avoid 
excessive aperture overlapping, by the use of 
fig. 5. 


When antennas are stacked at about 0.65 }. (slot 
arrays), the optimum antenna length lies between 
0.5 and 0.8 i, which means quite a short antenna. 
Longer Yagis will exhibit a lower stacking gain at 
this distance, decreasing to 2 dB for 2i.long Yagis 
(fig. 6). 


If a stacking distance of 1.7 4. is chosen, the opti- 
mum Yagi length is around 2.5 i corresponding to 
an antenna having a vertical radiation angle bet- 
ween 35° and 40°. 


In the case of bayed Yagis (Yagis stacked in the 
horizontal (E) plane), the interaction effects show 
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Fig. 7: Mutual impedance and mutual resistance between two half-wave dipoles as a function of distance S 


a similar behavour although their magnitude is 2.1. Quad and Loop Yagis 

actually smaller than in the case of vertically (H 

plane) stacked Yagis. From the mutual impe- The above theory can also be used to describe 
dance plot for two dipoles (shown in fig.7)wecan the operation of a quad Yagi, since the quad Yagi 
predict a stacking gain maximum at around0.5% canbe considered as two Yagis stacked at 0,25}., 
and another one at around 1.55 A. their elements bent and joined. It can be imme- 
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diately noticed from fig. 2 and 3 that the 0.25 2 
stacking distance is far from optimum. The gain 
of a quad is decreased by an additional 0.23 dB 
since the elements are bent (fig. 8). 


Circular loop Yagis have about the same gain as 
two Yagis stacked at 0.25 i. Other forms of loops 
show only smaller differences (see table 1) with 
respect to the quad and circular loops. 


Equilateral Gain Driving point 
loop type dBi resistance 
(Ohms) 
Triangle 2.70 104 
Square 2.99 120 
Pentagon 3.10 126 
Hexagon 3.16 129 
Octagon 3:22 132 
Circle 3.28 135 
Table 1: Estimated equilateral loop properties 


Very long loop Yagis have almost the same gain 
as the basic rod-element Yagi, since due to the 
very small equivalent stacking distance, aperture 
overlapping is almost total. This was also con- 
firmed by practical measurements (7). 


3. 
OPTIMUM ANTENNAS FOR THE 
0.6, STACKING DISTANCE 


The stacking gain for 0.6 }. (about 5/84)isshown _ 


in fig. 6. Of course the stacking gain decreases 
with increasing the antenna length, since aper- 
ture overlapping also increases. If our design 
goal were the maximum antenna system gain, it 
is obvious that this optimum gain (G,,:) can only 
be obtained at distances greater than 0.6 } for 
antennas longer than about 0.8 4 . The actual 
“gain difference between the optimum stacking 
distance and 0.6 4 can be written as dG: 
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dG = Gout — Gas. 


On the other hand, in amateur conditions the 
space occupied is usually the limiting parameter. 
Widely spaced Yagis will also present a much 
higher wind induced torque to the rotator system. 
It is therefore necessary to consider also, the 
relative space-saving (dl}, which is defined as the 
difference between the optimum distance Io, and 
0.6 4., divided by the boom length L: 


lai 0162 
L 


dl = 


It may be deduced that there exists an optimum 
with the best ratio between relative distance 
saving (dl) and gain loss (dG). We shall therefore 
introduce an optimization factor K, as the ratio of 
the above quantities: 


dl loopy — 0,6 % 
dG (Gat ee Gos a) “L 


A plot of K, as a function of the antenna boom 
length L, K, = f{L), is also shown in fig. 1. Arather 
flat maximum of K, exists between antenna 
boom lengths of 2 to 3 4 suggesting the optimum 
antenna dimensions. 


3.1. Feeding 0.6 4 Stacked Yagis 


From fig. 4 it can be seen, that the mutual impe- 
dances between closely spaced antennas have 
considerable values. If each antenna were indivi- 
dually matched to the generator, a large mis- 
match would ensue if the two antennas are 
employed in close proximity to each other. 


The few dB, obtained from the stacking gain, 
can easily be lost if the two antennas are not 
fed with precisely the same amplitude and 
phase. Careful attention must be given to con- 
structional tolerances of the antennas and 
(more probably) of feed-cables. Naturally a 


AG 
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low Q feed-network is highly desirable, since 
it allows wider constructional tolerances. 


A very simple and efficient method of feeding two 
Yagis stacked at 0.6 ?. is to use the skeleton siot 
radiator. This is actually made of two 0.6 }. spaced 
half-wave dipoles with the open ends bent and 
joined together. The impedance at these points is 
very high (around 600 (2) and can be transformed 
down to a convenient value of 200 22 by a delta- 


match. A half-wave coaxial balun can be used to 
match this value to the standard 50 12 coax. 


Due to its low Q (in comparison with other feeding 
systems), the skeleton slot radiator is less sensi- 
tive to constructional tolerances and influences 
from other antennas in the array. This is especi- 
ally important in large antenna arrays where a 
number of very similar antennas have to be built 
first and then connected to form an array. 


Fig. 9; The YUOB horizontal diagram 
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Fig. 10: The YUOB vertical diagram 


4. 
THE YUOB ANTENNA 


According to the above theoretical discussion a 
practical sample of a slot-fed antenna was deve- 
loped by a group of amateurs. 

A practical 2 % long Yagi antenna gives about 
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13.8 dB, of gain. This corresponds to a horizontal 
radiation angle of 37° and a vertical radiation 
angle of 45°. Two such antennas stacked at 0.6 
will give an overall gain of 15.9 dB and the vertical 
radiation angle will be reduced to 27°. 


The YU@B antenna derives from the K 8 AT slot 
Yagi developed by K 3 PGP. Acceptable dimen- 
sions and the compactness of the K 8 AT EME 
antenna system seemed very attractive for condi- 
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tions of restricted space. The original was modi- 
fied and optimized for best results. 


The first modification was the addition of two pairs 
of directors. This antenna seemed to have a 
clearer diagram and a little more gain. A system 
of four such antennas was built and practically 
tested in an EME QSO. 


Later, two more directors were added and the 
feeding system was changed from a “sleeve* to 


Fig. 11: 

Horizontal diagram 
of two bayed 
YUQB Yagis 


Fig. 12: 

As in fig. 11, but 
measured at a diffe- 
rent 
location with different 
antennas and 
equipment 


a coaxial 1 : 4 balun. The additional directors 
required some more changes of element spacing, 
especially between the radiator and the first 
director. This was necessary in order to preserve 
a clear radition pattern. 


After two years of work, including many modifica- 
tions and radiation pattern measurements, we 
obtained an antenna of appreciable qualities: 
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Fig. 13: Matching network for two antennas 


200 n ant. 


200 n ant. 
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Fig. 14: Matching network for four antennas 
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1.) The antenna was easily reproducible and all 
the specimens gave a clear diagram (fig. 9 
and fig. 10). The gain calculated from the 
diagram corresponded to the theoretical 
calculations of 16 dB, 


2. 


— 


The matching was very good all over the 2m 
amateur band. The SWR did not exceed 1.2 
between 144 and 146 MHz. 


3.) The antenna is very suitable for stacking or 
baying, since it exhibits a very clear radiation 
pattern. The results for two YU@B are shown 
in fig. 11 and 12. 


To obtain accurate results, many measurements 
from different locations were made, using dif- 
ferent signal levels and different equipment. 
Stable and repeatable results are the proof that 
the measuring procedures were correct (com- 
pare fig. 11 and fig. 12). 


4.1. Stacking YUOB Antennas into Systems 


As already mentioned the good features of the 
YU@B antenna are essential for building larger 
systems, Stacking YU@B antennas present two 
possibilities: 


First, placing the antennas 0.6 i apart; 2 dB can 
be expected for each system doubling. 


Second, using optinum stacking distances to 
avold aperture overlapping; about 3 dB can be 
obtained for each system doubling. 


If a compact antenna system in a small space is 
preferred, four YU@Bs can be stacked at 114 cm 
and bayed at 214 cm. Such a system will provide 
about 20 dB, of gain. The dimensions are interes- 
ting: 3.5 x 3.2 x 3.8 m! 


If more gain with the same number of individual 
YUOQB antennas is required, optimum stacking 
distance to avoid aperture overlapping can be 
found from the radiation angle 8 in the plane of 


‘stacking or baying (8): 


a: 
2 sin (© / 2) 
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For the YUGB with 6, = 37° and 0, = 27°, opti- 
mum spacings are 2.14 } (4.45 m) in the vertical, 
and 1.6. (3.3 m) in the horizontal plane. Stacking 
in this way will give a system gain of 22 dB,, but 
the dimensions are much larger, especially in the 
vertical plane, 


From the theoretical discussion, it can be seen, 
that the mutual influences and corresponding 
additional gain are smaller when the antennas are 
bayed in the horizontal plane than when they are 
stacked in the vertical plane. It is therefore better, 
to use the optimum horizontal stacking distance 
for YUOB, since with a small increment of the 
system dimension (from 3.2 to 4.4 m), the maxi- 
mum stacking gain can be obtained. 


In the vertical plane we have the opposite situa- 
tion. Due to the narrow vertical radiation angle of 
the YUOB, the optimum spacing is large. So 1 dB 
can be sacrificed in order to retain the 0.6 ) 
stacking in the vertical plane, while the occu- 
pied volume is actually halved! 


In this case the distances are 1.2 m in the vertical! 
and 3.3 m in the horizontal plane (measured from 
boom to boom). System gain is 21 dB, and the 


YU@B Antenna /Antenne 


polarization is horizontal. 

The matching network for two antennas is shown 
in fig. 13 and for 4 antennas in fig. 14. Larger 
arrays, groups of two or four antennas, should be 
considered as an individual antenna. 


4.2. Mechanical Construction of the YUOB 


An overail view of the YUOB antenna is shown in 
fig. 15. The two booms are made of 25 mm dia- 
on insulating supports (fig. 16 c). These insu- 
lators can be made from practically any insulating 
material, such as PVC, plexiglass, teflon, etc. 
(fig. 16 b). 


The slot radiator is manufactured from copper, 
brass wire or tube of 5 mm external diameter. 
The various pieces are soft or hard soldered 
together. The most suitable material is 5 mm 
copper tube since the coax center conductor can 
simply be soldered into the hollow tube, the balun 
being soldered directly to the ends of the delta 
match transformer (fig. 16 d). 
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Fig. 16 a: 
Mast installation and leading the coax cable 


All the directors and reflectors are made of 5mm 
diameter Al welding electrodes or Al wire (dimen- 
sions and spacings - see table 2) 


a Insulator ,,C" 
(sola tor 
55 
Element | Length (mm) Spacing (mm) 
5 OOS 
Reflector Slot director 1: 18 
Director 1 Refl. director 1 : 380 
Dierctor 2 Spacing between all 
8 Director 3 directors is : 406 

ie Director 4 
Director 5 All elements are 
Director 6 made of Al5 mm @ 
Director 7 
Dierctor 8 


Material : PTFE, Plexiglass, 
PVC = 10mm thick 


Fig. 16 b: Table 2: Dimensions and spacings of elements 
The insulating supports for the YU@B antenna 
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Fig. 16 c: 
Boom, insulating support and element 


A 25 diameter PVC tube is used to support the 
cable between the balun and the mast. The nylon 
rope improves the mechanical strength of the 
antenna. 

Other details are visible in fig. 16 a. 


5. 
THE ANTENNA’S NAME AND THE 
RESULTS OBTAINED 


Many YU amateurs contributed to the develop- 
ment, practical construction and measurements 
on this antenna, so it was decided to choose 
YUSB as its name. The letter “B* stands for "YU 
VHF-UHF BULLETIN“ in which it was published 
in 1980 for the first time. Unfortunately, this call- 
sign could not be obtained for the activities pro- 
moted by the publisher. We got the call sign 
YZ@B and used it in several MS and tropo expe- 


z= 200 
ij FZ 
Q 
~— 
= = 
D> 
ite) 
gl 
RGB 
skeleton slot 
Skelettschlitz 
Tx 
Fig. 16 d: 


Feeding and matching the YU@B Yagi antenna 


ditions to the LE, KC and KA QTH squares. In all 
the expeditions we used YU@B antennas. 


The following amateurs contributed to the realiza- 
tion of the YU@B: YU 1 BB, EU, EV, NRV, MS, 
NZV, WA, OAM, OLO, OJP, MM, YU 2 RKY, 
OO, RTU, YU 7 ACO, BCD and the author of this 
article: YU 1 AW. 


YU7 AR, YU 1 EU, YU 3 USB and YU 3 ZV used 
this antenna for their first EME QSO's. 

It helped to make more EME contacts and ob- 
tained good results in various contests. The an- 
tenna performed very well in MS work and was 
used with excellent results by YU 4 GJK, YU 7 
BCD, YU 1 AWW and many others. 


Finally, | wish to thank all those amateurs who 
participated in the development of this antenna 
and who used it, notwithstanding the fact that its 
outstanding qualities had not been fully proved. 


Text revision of this article was carried out by 
Matjaz Vidmar, YU 3 UMV. 
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Dieter Schwarzenau, Bernhard Kokot 


More about the DL@® HV HF Millivoltmeter 


One year following the publication of the 
constructional details of the HF Millivoltmeter 
(1) it appears to be time to review the project. 
The instrument has, in the meantime, been 
constructed by many people and quite a lot of 
additional experience is now to hand. The 
opportunity is also taken to introduce practi- 
cal uses for this versatile instrument. 


1. 
CONSTRUCTION TIPS AND 
CORRECTIONS 


The only known actual mistake, so far, concerns 
the rectifier diode D 401 of the through-line probe. 
It is shown in fig. 5 b wired in the reversed 
polarity. The polarity shown on the component 
plan, (fig. 13) is, however, correct (1). 

On the component plan for the electronic board 
with electronic switching (fig. 21) and in the circuit 
diagram (fig. 7) the polarity for all electrolytic 
capacitors has been omitted. As in all cases, one 
leg is connected to the supply rail, it would'nt have 
been very difficult to work out the correct way 
round to wire them in. With the exception of the 
block capacitor C 615, near the voltage regulator 
1612 (tig. 21), all the plus leads should point up- 
wards. 


The components parts list for this module also 
omitted C 605, R 642, R 643 and P 601. The 
resistance of preset P 601 is identical with that of 
the corresponding potentiometer in the mechani- 
cally operated module and is 100 £2). Capacitor 
C 605 is a tantalum capacitor of 2.2 uF and 
25 V working voltage. The resistors R 642 and 
R 643 serve only as bridges and therefore, are not 
included in the circuit diagram. They should 
not exceed a value of 10 £1. The capacitor C 607 
should be removed from the circuit as it caused 
the regulator to oscillate instead of reducing 
ripple as intended 

Apart from the probe, the HF millivoltmeter 
may be regarded as a purely audio frequency 
instrument and was given the appropriate design 
The constructor should therefore adhere strictly 
to the instructions concerning groundplane 
through connections, in order that earth loops are 
avoided. The old HF addage that “the more earth 
connections the better" does not apply here. The 
use of a ring-core transformer in the power supply 
was not found to be justified in practice. Because 
of the small leakage inductance of this trans- 
former, mains interference was hardly reduced at 
all. If possible, intending constructors should 
use a normal PCB transformer or ones with an 
M-core, whose primary and secondary windings 
do not lie above each other but in juxtaposition. 
Under certain conditions it can occur that currents 
flow through the cabinet and into the mains 
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ground line and interfere with the measurements. 
In this case the mains earth connection may be 
removed for the measurement but it must be 
stressed that the earth lead should never be 
disconnected permanently. 


2. 
USING THE HF MILLIVOLTMETER 


The measurement of frequency, voltage and 
power are the most important measurements 
undertaken by the experimenting amateur. It can 
also be interesting sometimes to be able to 
determine the reflection coefficient. The measu- 
rement of frequency presents no problems 
nowadays. Quite a large number of articles, 
describing the construction of low-cost frequency 
meters, exist and for those who do not wish to 
build there are many suitable proprietry instru- 
ments to choose from. For the measurement of 
the other quantities however, the picture is quite 
a bit different. Commercial instruments are, 
almost without exception, expensive and useable 
constructional articles are very few. In the past, 
many amateurs had to be content with the 
“go" / “no go" type of voltage measurement 
obtained with a rectifier and capacitor combina- 
tion stuck in front of a multimeter. The following 
examples will serve to emphasize the consider- 
able improvement which the described HF milli- 
voltmeter represents. 


2.1, Measuring HF Voltages 


As the name suggests, the measurement of 
small high-frequency voltages is the main pur- 
pose of an HF millivoltmeter. Before the measu- 
rement is undertaken, some consideration 
should be given as to the loading the measuring 
device imposes upon the item-under-test (IUT). 
It is best when a 50 © termination can be used to 
terminate the item-under-test via the through-line 
connector probe. In the simplest case, a 50 0) 
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terminating resistor may be used, connected 
directly to the line output terminal of the through- 
line probe. The probe can, however, be part of a 
50 © coaxial line system with say, a frequency 
counter on the other end. In this case the coaxial 
cable should be as short as possible, otherwise, 
the less than perfect termination may cause 
errors in the voltage measurement due to reflec- 
tions back along the line. These errors can be 
considerable. 


If the item-under-test cannot be made part of a 
50 © measurement system, the high impedance 
test probe must be used. Although this probe has 
a very high impedance and low capacitance, it 
is always good measurement practice to select 
a very low-impedance test point at which to carry 
out the measurement. This should be practicu- 
larly observed when measuring tuned circuits 
and oscillators where detuning of such circuits 
by the probe may make the measurement 
meaningless. 


Sometimes, when using the probe. a difficult 
problem occurs as to where earth connection 
should be taken. For measurements over 100 mV 
it is sufficient merely to clip the ground lead to 
the nearest available ground point. This, 
however, is not good enough for low-level 
measurements. This is particularly the case when 
the measurements are to be made in equipment 
where large levels are also present. To check 
their effect, simply connect the probe ground lead 
to its tip and see if there is any voltage indication 
on the meter range being used for the test. The 
extremely high sensitivity of the meter and the 
high-impedance probe will sense the high-level 
interference signals in the vicinity of the area. 


If the circuit to be tested is enclosed in a tin-plate 
housing, it may be possible to earth the probe with 
a convenient point on the metal mass near the 
test point. If that is not possible, a short piece of 
wire may be used from probe ground to the 
nearest ground to the test point. 


When making the measurement, a range should 
be selected which causes the meter to indicate 
2/3 FSD or greater starting with the 10 V range. 
The reading can then be read off in volts or in 
mV. If only a normal multimeter (digital or 
analogue) is connected to the AF module and a 
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dBm measurement result is required, the follo- 
wing equation has to be used: - 


a (dBm) = 20 log V/ 0.2236 (in mV) 


This is only meaningful, however, when the 
measurement is taken across a known resistance 
of 502. 


With the lowest scale of the indication, described 
in the constructional article, the value in dBm may 
be read off directly. It is even more simple if the 
logarithmic amplifier is available. The input 
selector switch is set to the appropriate input 
V 1 or V 2. The pointer indication must be read 
against the upper scale and added to the 
measurement range setting (scale value nega- 
tive). 


2.2. Power Measurement 


As the use of the through-line probe is intended 
for use in a 50 {2 measurement system, a voltage 
measurement is always also a power measure- 
ment. The power is determined by including the 
measured voltage in the expression; - 


P=V*?/500 


It is still simpler if the voltage can be read off in 
dBm / 50 2, as 0 dBm represents a power of 
1 mW / 50 2. With the well-known fact that 
doubling the power is + 3 dB and increasing it by 
a factor of ten is + 10 dB, it is quite easy to de- 
duce any measured power read on the dB scale 


T:through-\ine orese 


HE -Miliivolimeter 


= 


sh 


x 


(examples: + 23 dBm = 10 dBm + 10 dBm + 3 
dBm = > P= 1mW x 10 x 10 x 2= 200 mW or 
— 16dBm = — 10dBm — 3dBm —3dBm = >P 
= 1mW x 0.1 x 0.5 x 0.5 = 1/40 mW = 25 pW). 


The only condition for the power measurement 
is that the output of the through-line probe must 
be terminated in a 50 ( resistance at the fre- 
quency of measurement. It is recommended that 
a proprietry 50 © termination resistor is used 
to terminate the probe. The HF millivoltmeter is 
capable of measuring directly powers between 
100 nW and 1 W. 


2.3. Attenuation Measurements 


The measurement of attenuation or amplification 
in a 50 2 system is certainly the most interesting 
and, for the experimenting radio amateur, the 
most useful application of the millivoltmeter. 
It must, however, be provided with two through- 
line probes and the logarithmic amplifier must be 
used. One probe is connected between the test 
generator and item-under-test input and the 
other is connected between the IUT output 
and the 50 2 termination, This arrangement 
may be seen in fig. 1. 

According to which of the two voltages is greater, 
the logarithmic amplifier is switched to "V 1 > 
V 2" or “V 2 > V 1". The four LEDs will indicate 
whether a higher or lower range for V 1 or V 2 
should be selected. The working range has been 
selected correctly when all LEDs are extinguis- 
hed. The attenuation / amplification in dB is given 


Fig. 1: 

Test arrangement for the 
50 Ohm measurement of insertion 
Ty loss / gain 
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from the difference in the ranges plus the reading 
on the upper scale (negative). 


Until now, these measurements do not mean 
much. The could have been obtained by using 
a simple HF millivoltmeter to take two separate 
measurements. The big advantage of this 
arrangement is only apparent when the test 
item has to be optimized and adjusted for a 
particular performance objective. Every altera- 
tion of the attenuation / amplification can be 
seen immediately by the meter deflection. It is 
therefore very easy to test the dynamic range 
or do a frequency run on the test object. Using 
a normal simple millivoltmeter there would be a 
cumbersome procedure to follow. Take for 
example the determination of the 3 dB-bandwidth 
points of a wideband amplifier. The signal- 
generator tuning is adjusted until the reading 
falls by 3 dB. The output from the signal generator 
would then have to be checked to ensure that 
it had remained constant at this frequency. 
The output variations of the signal generator with 
frequency are of no importance with the DLOHV 
MVM because it is the amplification, i, e. the 
relationship between input and output that is 
being displayed on the meter. 


2.4. Refiection-Coefficieni Measurements 


The designer of HF circuits is always faced 
with the problem of matching circuit inputs and 
outputs to the nominal impedance of 50 1 real, 
Only in the matched condition, i. e. when the 
characteristic impedance of the output, the 
transmission line and the input are the same, the 
maximum power can be transmitted. In all other 
cases, standing waves are developed by reflec- 
tions from mismatched impedances. A measure- 
ment of the mismatch is either the reflection 
coefficient or the voltage standing wave ratio 
VSWR. 


An ubiquitous instrument for measuring the 
reflection coefficient is known as the reflecto- 
meter. It consists of a directional coupler with two 
rectifiers whose output voltages can be read 
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off on a meter. Normal reflectometers contain 
only a single diode rectifier with a filter capacitor. 
They are therefore insensitive and only suitable 
for the measurement of large voltages. Also 
the measurement is liable to errors owing to the 
diode barrier voltage making the characteristic 
non-linear. Both these disadvantages are 
avoided when using this HF millivoltmeter. A 
directional coupler, however, must be used, This 
can be purchased or constructed (2). If only the 
more simple version of the millivoltmeter is 
available, the incident and return voltages must 
be measured separately. The reflection coef- 
ficient and the voltage standing wave ratio can 
then be calculated. 


Using two through-line probes and the logarithmic 
amplifier, the return loss can be directly read 
off the upper dB scale. Under these conditions, 
adjustments and tuning may be very easily 
carried out. 

The same may be achieved with a simple HF milli- 
voltmeter and the use of a directional bridge (3). 
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Jochen Jirmann, DB 1 NV 


A Miniature 70 cm Handheld FM Transceiver 


In VHF COMMUNICATIONS 1 / 86 a miniature 
handheld transceiver for the 2 m band was 
introduced by DL 5 NP. This present article 
describes a similar unit for the 70 cm band. It 
is somewhat larger than the 2 m version (PCB 
dimensioned 70 x 130 mm), delivers the same 
power output of 500 mW and possesses a re- 
ceiver sensitivity of better than 0.5 uV for a 
20 dB signal to noise ratio. The current con- 
sumption is, at about 25 mA, somewhat higher 
than the 2 metre variant. 


1. 
CONCEPT 


For the realization of a UHF handheld transceiver, 
several variants may be considered whose 
advantages and disadvantages merit a short 
discussion 


1) The smallest constructional effort would entail 
using the same circuit as that for the 2 metre 
band. This would involve principally the synthesi- 
zer scaler being replaced by one designed for 
UHF and all tuned circuits re-dimensioned, There 
was, unfortunately, only one suitable scaler 
module available at the start of the design, in 
mid 1985, and that was the MC 12018 by 
Motorola. This has, however, the very awkward 
division ratio of 128 / 129 which would necessitate 
a very complicated encoding circuit between the 


BCD switches for the frequency selection and the 
synthesizer. 

2) This problem may be circumvented if the 
VHF signals are translated in frequency by the 
mixing process. This would require a further 
crystal oscillator, a multiplier, a mixer and a filter, 
all costing space and current consumption. There 
is also the inherent risk of spurious emissions on 
send and birdies when switched to receive. 
The extensive screening measures, required for 
this approach, are not very practical in such a 
confined construction. 


3) The VCO working at VHF and the working 
frequency achieved by multiplication. This 
method requires only the additional elements of 
multiplier and filter. The disadvantage of this 
technique is that the PLL phase comparator 
frequency must also be divided by the same 
factor tending to increase the lock time of the 
synthesizer. Of particular importance is the 
careful filtering of the VCO tuning potential in 
order that sufficient suppression of the adjacent 
channels is achieved. 


Only a multiplication factor of two is feasible, as 
a factor of three would place a spurious signal 
in the two metre band which could interfere with 
cross-band working, The necessary doubling of 
the VCO frequency from a maximum of 220 MHz 
can easily be done by the same module as that 
used in the 2 m handheld, namely the Plessey 
scaler SP 8793. 


The author decided upon the variant 3, as the 
components are easier to obtain and the de- 
mands upon components and current consump- 
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Scaler 
SP.8793 


Transmit amplifier 
2048 


BFR S64 


VCO 
BF 979 
208-2200] 


doutier, amplifiar 
filter 


HF amplifier 


willy helical filter 


Madulation 
amplifier 


“equlater 
TLO3) BF 2K6 


TIR switeh 
3x BC 54? 


Fig. 1: 70 cm Handheld TR block diagram 


tion are held within bounds. An additional advan- —- A proprietry helical filter was chosen for the recei- 
tage of doubling the VCO frequency is a better —_ ver preselector. 


isolation between the oscillator and the send As the channel selection of 400 ct was 
frequency. frequency separation of 25 kHz is alittle awkward, 
The rest of the handheld’s circuit can be simply it was made selectable in steps of 1 MHz, 
adopted from the 2.m version. In the receiver 100 kHz and 25 kHz. The block diagram of the 
however, an IF of 21.4 MHz was chosen inorder — handheld may be seen in fig. 1 and its principle 
to achieve a usuable image frequency rejection, specifications are tabulated in table 1. 


Frequency range: 430 - 440 MHz 

Modulation: FM 

Channel steps: 25 kHz 

Relay OFF-SET: 7.6 MHz, receiver higher than transmitter to allow 
easier monitoring of relay traffic 

Output power: > 300 mW, typically 500 mW 

Mixing products: Suppressed < - 60 dB 

Harmonics: Suppressed < - 50 dB 

Adjacent channel output: 60 dB below carrier 

Current consumption (send): 200 mA at 9.6 V 

Receiver sensitivity: Better than 0.5 nV at 20dB S/N 

Bandwidth: Approx. 12 kHz depending on crystal filter 

Image suppression: 50 dB 

Current consumption (muted): 25mA 

PCB dimensions: 68 mm x 130 mm, height with components 20 mm 


Table 1: Miniature handheld TR data 
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2; 
CIRCUIT DETAILS 


Now that the basic concepts of the handheld’s 
design have been introduced, details of both 
changes of circuit from the 2 metre model and 
completely new circuits will now be undertaken. 
The complete circuit diagram is shown in fig. 2. 
A start will be made with the HF part of the 
synthesizer. 


2.1. The Synthesizer 


it has already been mentioned that the synthesi- 
zer works at half the output frequency, that is be- 
tween 204.3 and 220 MHz. The circuit used by 
DL 5 NP was therefore directly adopted for this 
project. It was only necessary to programme a 
basic 12.5 kHz-step frequency into the MC 145 
152 synthesizer IC and to dimension the loop filter 
LM 4250 | 5 to suit the new phase-comparator 
frequency. It may be seen from fig. 2 that the 
dimensioning of the VCO has also been slightly 
altered. A UHF oscillator transistor BF 979 in a 
T plastic package is now employed. 

The frequency selection logic | 1 to | 3 was 
adjusted for a direct frequency selection in 25 kHz 
steps and for the other relay offset of 7.6 MHz. 
The VCO delivers approx. 3 mW to the directly 
coupled frequency doubler which uses two 
Schottky diodes. Following the doubler there is a 
power of about 200 ».W available, the fundamen- 
tal being suppressed some 10 dB principally by a 
careful construction of the coupling inductor. A 
high-pass filter takes care of the matching to the 
amplifier stage T 2, a BF 979. 


In the collector circuit is a two-circuit, over- 
critically coupled filter which guarantees the 
freedom of the output signal from mixing products 
of more than 60 dB. The twin peaks of the pass 
characteristic lie at 415 MHz (receive mixer 
frequency) and 435 MHz (sender frequency). A 
power of 3 to 5 mW js available at the output to 
drive the receive mixer and the transmit amplifier. 
Owing to the very lage tuning range of the 70 cm 
version, using only one VCO for send and re- 
ceive, the phase noise of the oscillator is relatively 
poor. This must, however, be put up with in 
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extremely miniaturized equipment, expecially 
since many mature Japanese fixed station 
equipments are scarcely any better. It may be 
just as well to point out that the signal from this 
handheld should not be amplified to many 
100 Watts! 


2.2. The Transmit Amplifier 


It may be seen from the overall diagram that the 
transmit amplifier has hardly been altered at all 
from that of the 2 metre version. Only the fina! 
transistor T 6 was changed to a UHF type MRF 
629 and set to work in class B in order to obtain 
more amplification. The MRF 629 is eminently 
suitable for mounting on a printed circuit board 
as it has a grounded emitter, delivers 2 W al 12 V 
and is therefore highly overrated for this ap- 
plication. This is just as well because of the 
unknown matching conditions of the various rod 
antennas which could be used with this handheld. 
The overdimensioning of the transistor does not, 
in any case, involve much additional expense and 
therefore represents a good premium against 
failure. The low-pass filter and antenna change- 
over are modelled after the 2 metre version. 


2.3. Modulator and Send / Receive 
Switching Logic 


The complete operational transmitter still requires 
a modulator and switching logic for the supply rail. 
Here also, nothing has been changed respect to 
the 2 metre version. Additionally, a CMOS timer 
| 7, ICM 7555, serves as a call-tone generator. 
The somewhat suspect circuitry of this generator 
may be explained by the fact that ground for the 
circuit is the positive supply rail. 


2.4. The Receiver 


As previously mentioned, the receiver uses an 
IF of 21.4 MHz in order to achieve a reasonable 
image rejection. Because 21.4 MHz monolithic 
crystal filters have become reasonably priced, an 
IF at this frequency is a natural solution. The 
complete IF / AF circuitry is taken directly from 
DL5 NP. 


The input signal is taken to a preselector via a 
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PIN-diode switch. The preselector matches 
the input impedance to that of the pre-amplifier 
transistor T 12. The BFT 66 was replaced by a 
BFR 90 (or BFR 34). The attenuator diode be- 
tween the base of T 12 and earth has a special 
purpose. It is necessary because the efficacy 
of the PIN-diode switch is not as great at 70 cm as 
at 2 m and on “transmit” transistor T 12, without 
supply voltage, acts as a frequency multiplier 
sending spurious multiplication products back 
through the PIN-diode attenuator and reaching 
the antenna at levels approaching - 40 dB rel. 
70 cm carrier. The additional diode simply 
detunes the input tuned circuit thereby reducing 
the RF level at T 12's base. 


The pre-amplifier transistor works into a two- 
stage helical filter having a 10 MHz bandwidth. 
The following mixer is provided with a bipolar 
transistor BFW 92 because a FET does not 
provide the required amplification at this fre- 
quency. The local-oscillator signal is fed via a PIN 
diode, on “receive”, from a doubler to the mixer's 
emitter. The mixer is terminated in a monolythic 
21.4 MHz crystal filter. The constructor can 
choose here between a minimum selectivity with 
a two-pole filter ranging to an eight-pole filter, 
the only consideration being that imposed by the 
pocket. The author selected a six-pole filter from 
NKD. The rest of the IF remained as for the 2m 
version except, of course, that the second oscil- 
lator works at a crystal frequency of 20.945 MHz. 


Following this cursory review of the circuitry, 
the next paragraph will deal with the loading of 
circuit components on to the board. 


3. 
CONSTRUCTION OF THE 
HANDHELD TR DB 1 NV 004 


Note 1: The PCB DB 1 NV 004 is so densely 
packed with components that only experienced 
constructors should consider attempting this 
project. 

Note 2: In a few places on the underside of the 
PCB a ground lead is taken for through-contact- 
ing of a few components. This measure enables 


the components around the synthesizer to be 
mounted more easily. 


3.1. Component List for Compiete TR 


ICs 
TBS CD 4560, MC 14560; RCA, Motorola 
| 2.13: CD 4008, MC 14008; RCA, Motorola 
| 4: MC 145152, Motorola 
1 5: LM 4250, National 
| 6: SP 8793, Plessey 
(Zz ICM 7555, Intersil 

TLC 555, Texas Instruments 
| 8: S 1469, TBB 1469, Siemens 
| 9: LM 386, National 
110: TL 431 C, Texas 
Transistors: 
¥ £732 BF 979; Vaivo, Siemens 
T 3 BF 246 C; Valvo, Texas, Siemens 
T 47 7. TS Ts BC 547 
T & BFR 96; Siemens, Valvo, SGS 
ie: MRF 629; Motorola 
T 9,710,711,T 14: BC 557 
T 12: BFR 90, BFR 34; Valvo, Siemens 
T 13: BFW 92; Vaivo, Siemens 
Diodes: 

D 1,0 2: 8B 105, BB 505; Vaivo, Siemens 
D 3,D 4: MBD 101: Motorola, HSCH 1001; 
Hewlett-Packard 

D 5,D 6,D 7,D 9: 
BA 182, BA 243; Siemens, Valvo 

D 8: HSCH 1001; HP 

D 9,010,D11,012,D13,0 15,D 16,017: 
1N4148 

D 14: LED red 

Crystals, Filter: 

6.4 MHz, 30 pF parallel resonance 

10 ppm accuracy 


20.945 MHz, series resonance 

Crystal filter 21.4 MHz, 21 M15 — series from 
Nikko Denshi 

Ceramic filter CFU 455 D, Murata 
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Inductors: 
L.. 4 (VCO coil) Neosid coil kit 7.1S 
with F 100 B core; 
2turns + 2 x 3/4 turn 0.5 Cul, 
fixed with paint or glue 
L 2: Neosid coil 00 514 831 brass core 
with turns reduced to 1.5 
Wn fe As L 2 but turns reduced to 1.75 
L 4,L6 6 turns 0.5 Cul on 3 mm former 
id! 1/2 turn 1 mm silvered wire loop 
5 mm dia, 7 mm high 
Lk. a 2.5 turns silvered on 
2.5 mm former 
L.. “BE 2.5 turns silvered on 
3.5 mm former 
Lg: Neosid coi! 00 514 831 
L 10: Toko LMC 1202 
UB Neosid Helical filter 005 119 651 
L te 2.5 turns 0.5 Cul, 3mm former 
Capacitors: 


Ceramic 2.5 mm spacing 

foil 5 mm spacing 

Miniature electrolytics 16 V upright or tantalum, 
spacing 2.5mm 

Miniature foil trimmer 5 mm spacing 


Resistors: 


Type 0207 or 0204 carbon film 
Miniature presets, upright, spacing 2.5 x 5mm 


Various Components: 


3 Miniature BCD coder switches 

Single pole change-over switch (relay Preset) 
Miniature loudspeaker, e. g. Valvo AD 0580 
Miniature electret microphone 

10 kQ variable pot. with switch (on / off-vol.) 
50 kQ variable pot. (muting) 

3 ferrite beads 

Switches for call tone and PTT 

BNC antenna socket 

RG-174 coaxial cable (antenna switch wiring) 
Batteries e.g. 8 x 452 RS Varta (1.2 V/ 460 mAh) 
Charging socket for batteries 

Housing: form optional 
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3.1.2. Printed Circuit Board 


The construction is best undertaken in a step by 
step manner, completing whole circuits and then 
testing them before proceeding to the next part 
of the circuit. First chamfer all the holes, not 
indicated in fig. 3, with a dot, using a 3 mm drill. 
The component mounting is best started with the 
voltage regulator | 10, T 3 and then the VCO T 1. 
The supply voltage of 10 V is then applied and the 
8 V and 5 V regulators checked for operation. 
They should function until the input voltage drops 
to as low as 8.5 V. 


A frequency counter is then connected to the 
output of the VCO, in place of the frequency 
scaler | 6, and the VCO frequency is checked 
as the tuning voltage is varied. There should be 
a frequency shift of 200 to 225 MHz as the tuning 
voltage varies from 0 to 8 V. The centre frequency 
is adjusted by L 1 and the tuning range adjusted 
with the parallel 10 pF capacitor. If the frequency 
is too low, a brass 3 mm split screw can be used 
as acoreforl 1. 


When the VCO is working properly the doubler 
components can be mounted. The blocking 
capacitor of the BF 979 is critical, some examples 
can cause the doubler to selfoscillate. The coils 
used in the filter following the doubler are UHF 
types and their tuning range is limited, don't 
forget to modify them in accordance with the 
parts list. The tuning range also is made so- 
mewhat unpredictable owing to the + 0.5 pF 
tolerance of the tuning capacitor which could 
lead to quite large frequency errors. If the trick 
with the 3 mm brass screw slug does'nt work, 
the next norm value of tuning capacitor will have 
to be tried. For this adjustment terminate the 
filter output (anode of PIN diode D 5) with a power 
indicator and tune the filter in order that both 
the receive frequency (415 MHz) and the transmit 
frequency (435 MHz) are at the peaks of the pass 
band humps. The output power should be at least 
3 mW at both frequencies, the author obtained 
5 mW. It may be possible, by bending the high- 
pass coil in T 2's emitter, to obtain even more 
power. If the two humps of the response are 
too far apart, the coupling capacitor must be 
reduced. (0.8 to 0.5 pF). 
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Assuming that everthing has been tuned and 
adjusted satisfactorily, the scaler SP 8793, 
the synthesizer IC and the rest of the associated 
DC circuits | 1 to | 3 and | 5 may be inserted. Do 
not forget the four wire bridges before soldering 
in | 4 and the two bridges under | 3. 


In order to achieve a good adjacent channel 
suppression, the external circuitry of the regula- 
ting amplifier | 5 should be of close tolerance, 
5 % or even 1 % resistors and the foil capacitors 
should be of 5 % tolerance. With the coder switch 
in operation, together with the tuning voltages for 
both send and receive, the synthesizer should 
now operate and the exact frequency adjusted by 
means of the crystal trimmer. 


If, after switching the unit on and off a few times, 
a false frequency appears, or the frequency 
jumps when touching the encoder ICs, it is most 
probable that an input to a CMOS IC is floating — 
perhaps a forgotten high-resistance solder 
connection. The electrolytic capacitors on the 
MC 145 182 pin 3, ECL scaler SP 8793 pin 2 and 
on the contro! amplifier LM 4250 pin. 7, should 
not be either dispensed with, or a smaller value 
employed, as this will affect the spurious product 
output level. 


When the synthesizer is working satisfactorily, 
the transmit amplifier can then be completed. 
The only point to watch here is that the ferrite 
bead in the emitter decoupling of T 5 (BFR 96) 
does not cause an oscillatory circuit to be set up 
with the 2.2 nF capacitor. This capacitor is requ: 
red as a low-frequency decoupler. Before the 
transmit section can be tested, an RF choke must 
be connected from the cathode of PIN diode 
D 6 to earth. This choke consists of 10 turns 
0.5 Cul on a3 mm former soldered to ground. The 
choke ensures that, in the absence of the receiver 
portion, RF is fed through the diode to the antenna 
because of the flow of diode bias current. The 
send amplifier can now be tuned for maximum 
output power over the whole of the band. 500 mW 
should be obtainable in the centre of the band 
falling to 300 mW at the band limits. A final 
tweak of the output matching of the output 
transistor T 6 may help to reduce the current 
consumption consistent with the specified 
output power. 
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When the modulator (T 7, T 8), the transmit / 
receive switch (T 9, T 10, T 11) and call-tone 
generator | 7, are completed, the whole of the 
transmit side is ready. The frequency of the call- 
tone generator is fixed, for reasons of space 
saving, and is determined by a resistor (marked 
with an *) which must be selected. The timing 
capacitor 4.7 nF should be a high-quality foil 
type. It must be ensured that the ratio of the 
time-constant resistors must always exceed 
2.5 to 3 in order to obtain sure-fire oscillator start 
behaviour, 


The main point about the receiver construction 
is that the grounding connections of the helical 
filter are of crucial importance in obtaining a well- 
defined filter response curve. The receiver tuning 
is best carried out using a sweep generator 
applied to the antenna input, the sweep detector 
is connected to the emitter of T 13. The input is 
tuned for a clean, 10 MHz wide bandpass. During 
this adjustment, the VCO must be switched off 
with, for example, a temporary short between 
base and emitter of T 1. If a sweep generator is 
not available, it is possible to adjust the tuning 
using strong received signals at the band limits. 
Following the receiver input tuning the demodu- 
lator inductor L 10 is adjusted tor maximum AF 
output. 


If the audio output is distorted badly the fault 
may lie in a poorly adjusted second mixer crystal 
oscillator frequency. It should be tuned to 20.945 
MHz + 1 kHz, The loading of components onto 
the PCB is now completed and a few ideas con- 
cerning the construction of the handheld TR will 
be presented. 


3.3. Housing Construction and Wiring 


For the final commissioning of the PCB a few 

external components and connecting leads must 

be provided (see fig. 4). To itemize them, they 

are: — 

— 10 V supply voltage from source to the point 
"+ 10 V from battery" and “10 V" near the 
Tx output transistor. The supply to the output 
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Fig. 4: 70 cm Handheld TR prototype 


stage is separate in order to provide it with a 
power limiting resistor, 
Antenna 

— Cabling of transmit / receive switch, 11 cm of 
RG 174 coaxial cable are required. 
Switch voltage from “+ 8 VT" at the output 
stage 

— Stabilized voitage “+ 8 V" to"+ BV" in 
transmit / receive switch 

— Loudspeaker 

— Microphone 

— Code switch; the wiper is connected to "+ 8 V 
decoupled“ 

— Shift switch to *+ 8 VR", “+ 8 VR relay“ and 
“+ 8 VR Dir" 

— Volume pot’meter 

— Muting; There are two possibilities here, 
either strap the points “Mute switch voltage” 
and “AF switch voltage" together and make 
the mute level pot'meter variable from the TR 
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exterior or solder a preset onto the PCB, and 
switch the preset mute noise level via an on / 
off switch in the above line. 

— Call-tone button switch 

— PTT switch 


It is absolutely necessary that the housing be 
made of metal in order to prevent hand-capacity 
effects on the synthesizer. Using a few tricks, it 
is possible to use the same tin-plate housing as 
that used by the two-metre version. It might, 
however, be easier (and lighter) to use a larger 
aluminium housing. 


lt must be ensured that a good earthing system 
for the PCB is achieved as otherwise, there will 
be crackling noises as the set is moved around in 
operation. The author accomplished a solid PCB 
grounding by soldering a 5 x 5 mm brass angle 
section from 0.5 mm stock on both ends of the 
PCB and screwed them both directly on to the 
housing, 


3.4. Postscript 


Since early 1986 the Plessey distributors have 
had a new UHF scaler, with a smaller current 
consumption, available. For example the SP 
8719, an 80 / 81 scaler for max. 520 MHz or the 
SP 8716 a division ratio of 40 / 41 for the same 
frequency limits. Using one of these scalers, a 
direct synthesizer at 435 MHz is easily achieved. 


He who is not afraid of a little experimentation, 
can alter the circuit of the VCO so that it works 
directly at 70 cm, i. e. without the doubler, and 
the MC 145 152 modify to suit the new conditions 
i. e. 25 KHz phase-comparator frequency etc. The 
whole PCB could then be redesigned to make it 
even smaller. 


4. 
DUAL-BAND VERSION 


Right at the start of the design of the set, it was 
planned to construct a 2 metre and a 70 cm board 
in one housing thus realizing a dual-band hand- 
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Fig. 5: 
Diplexer circuit 
diagram 


QOBINV 


held TR. The concept is more interesting if it could 
be used to provide duplex working or the moni- 
toring of two frequencies. This is the reason why 
a careful choice of mixing / multiplication fre- 
quencies was necessary to minimize detectable 
spurious signals caused by mixing products be- 
tween the two TRs. The key element in this con- 
cept is a very small antenna diplexer which will be 
looked at in detail. 


As can be seen in the circuit diagram of fig. 5, the 
diplexer comprises two cascaded high-and low- 
pass filters in a T circuit. The capacitors in every 
case, consist of two miniature ceramic capacitors 
(leads 2.5 mm) in order to minimize the self 
inductance. Tuning elements are, in general, not 
required. 


The winding details are: 


L1i=L3: 4.5 turnsint. dia3 mm, length 6 mm 
Le 8 turns int. dia3 mm, length 9mm 
L4=L5: 2  turnsint. dia3mm, length3mm 


All 0.8 mm-dia silvered wire. 


The housing used was one which happened to be 
available, size 47 mm x 28 ram x 12 mm, and 
provided with a lid. Constructors could use the 
TEKO container 433 (50.5 mm x 31.6 mm x 13 
mm). All the diplexer components are soldered 
into the lid as shown in fig. 6. The HF is connected 
via three teflon feedthrough points. No screening 
walls are necessary as the isolation between 
elements is achieved by physical orientation. 


Following the soldering of the diplexer into the lid 
the following data was obtained: — 
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Fig. 8: Dual-band Handheld TR 


A 


Insertion loss 2 m: < 0.2dB 
Insertion loss 70 cm: 0.5 dB 
Stop-band loss 2m to 70 cm: 45 dB 
Stop-band loss 70 cm to 2m: 48 dB 


The cross-band isolation was considered to be 
more than sufficient. To give some idea, two 
mast-mounted antennas for the two different fre- 
quencies have a cross-coupling loss of between 
20 and 40 cB. 

The diplexer is capable of handling powers 
above 10 W making it suitable for fixed-station 
use. A similar construction, using three coaxial 
sockets, serves the author for the connection of 
2 m and 70 cm FM transceivers to a discone 
antenna. Using this diplexer, perfect duplex 
operation is assured. 


The figs. 7 and 8 give an impression of the con- 
struction of the 22 cm = 7.5m 4.7 cm dual- 
band handheld TR. A shortened Lambda / 4 
antenna (40 cm long radiator) fitted to a base 
inductor can be used. Telescopic antennas driven 
ina 1/4 or 3/4 wave mode may also be employed. 


You can now order magazines, kits etc. using ( : ee oe 
your Eurocard or VISA Credit Card ! ee eng 
We only require the order against your 
signature, the card number and its expiry date VISA 
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Microstrip Transverters for 23 and 13 cm 


Part 1 


1. 
INTRODUCTION 


The microstrip technology is certainly well known 
to anybody working in the RF or microwave field, 
since most of both professional and amateur 
equipment is, at least, partially built using it. Due 
to its widespread use, the name “microstrip", it- 
self does not really say much aboutits application 
in equipment, ranging from simple transmission 
lines and matching transformers built in microstrip 
and combined with components manufactured in 
other technologies (cavity, coaxial, waveguide) 
to complete circuits including single resonators, 
complex filters, power splitters, couplers, chokes, 
matching transformers, tuning stubs, small 
capacitors and even antennas! In the production 
of professional equipment, the microstrip techno- 
logy brings a significant reduction of the manu- 
facturing time and, consequently, a reduction of 
the overall cost. In addition to this, a number of 
theoretical tools, measuring instruments and 
computer programs were developed to reduce 
both the design time and the production line 
tuning of single circuits, 


Unfortunately, most amateurs do not have access 
to the expensive professional instrumentation or 
computer-aided-design (CAD) tools. On the other 
hand, many very common design problems can- 
not easily be solved by theoretical tools or CAD 
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programs like (real world) lossy laminates having 
an anisotropic dielectric constant ©, or semicon- 
ductor devices operating in their non-linear region 
(mixers, varactor and transistor multipliers, power 
amplifiers}. Of course there are other even less 
predictable factors, such as, the influence of 
various shields and / or the resonances of the 
metal case actually containing the microstrip cir- 
cuit. Practical experiments are therefore neces- 
sary in any case, even with the best CAD pro- 
gram. 


Fortunately, we amateurs only have moderate 
requirements such as narrow-band operation or 
gain tolerances. Since most of components used 
in our designs are usually riot sufficiently charac- 
terized at microwave frequencies in data sheets, 
such as cheap plastic case transistors or con- 
ventional glassfiber-epoxy laminate, the logical 
design procedure is to roughly calculate or esti- 
mate the circuit parameters and then practically 
optimize the circuit performance. 

Microstrip circuits are usually built as a double- 
sided printed circuit board. The transmission lines 
and other microstrip components are all etched 
on one side of the PCB. The other side is not 
etched, since it acts as a ground plane for the 
transmission lines and other components. Since 
the distance between the transmission lines and 
the ground plane (thickness of the laminate) and 
the widths of the lines are small, compared to the 
wavelength and to other circuit dimensions, it is 
assumed that most of the electric and magnetic 
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field is constrained to the close proximity of the 
transmission line. Since the magnetic and electric 
field intensities decrease rapidly with distance, 
microstrip circuits usually do not require any 
shields or additional ground planes. Additional 
metal planes or even closed metal boxes gene- 
rally only have a very small influence on the cir- 
cuit. Unfortunately, closed metal boxes have self 
resonances with very high Q-factors. At these 
particular frequencies they can introduce con- 
siderable unwanted couplings even between 
physically distant microstrip transmission lines. 
There are many efficient solutions for such pro- 
blems, and some of them will be shown later in 
this article. Actually it is necessary to understand, 
that improper shielding may even introduce new 
problems at microwave frequencies! 


Selective circuits at microwave frequencies may 
be implemented using 2. / 4 or 4 / 2 microstrip re- 
sonators as stand-alone resonators or arranged 
in more or less complex filters. In the amateur 
literature two basically different designs are 
described. The first uses full-size fixed-tuned 
resonators and therefore requires very close 
tolerances of the PCB laminate and the circuit 
pattern etched onto it. Due to the manufacturing 
tolerances, the loaded Q-factor of the single 
resonators has to be kept low and a large number 
of resonators are required to obtain the desired 
spurious frequency rejection. A large number 
of resonators in series calls for a low-loss, ex- 
pensive teflon laminate as a substrate material. 
Practical experimenting is difficult and costly. 


The other design approach employs significantly 
shorted 4 / 4 resonators (acting practically as 
coils) by capacitive trimmers. Suitable trimmers 
allow a very broad tuning range. Unfortunately, 
this also means that the circuit may be easily 
tuned on the wrong mixer sideband, harmonic or 
other spurious frequency! Since the trimmer does 
not act only as a tuning element but it also pro- 
vides a significant part of the capacity required in 
the circuit, the tuning may become very sharp and 
critical and the mechanical stability (post tuning 
drift) may not be sufficient. This is especially true 
when using cheap trimmers, not originally de- 
signed for microwave frequencies, close to their 
minimum capacity. Suitable microwave trimmers 
are, at least, an order of magnitude more expen- 
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sive and are not easily available. In any case 
the circuit contains an unpredictable variable, 
the parasitic reactances of the trimmers used, 
making the duplication in amateur conditions 
considerably more difficult. 


In the transverters described in this article, a 
different solution was sucessfully tested. 
The filters in the transverters are made of 
single or coupled, full-length 2. / 4 resonators. 
The }./ 4 microstrips are etched very close to 
the final dimensions and the tuning is per- 
formed by adjusting the iength of the reso- 
nating strips at the hot end (see also fig. 1). 
Cutting the hot end of the strip, produces 
large frequency variations and is of course 
an irreversible operation. A fine frequency 
adjustment can be obtained by soldering a 
short length of 1 mm @ silver-plated copper 
wire at the hot end of a 2 or 2.5 mm wide strip 
(characteristic impedance 60 or 50 2: respec- 
tively on an 1.6 mm thick glassfiber epoxy 
laminate). 


Of course a reliable method has to be used to 
detect the actual resonant frequencies of the 
microstrips. A very simple method is to use a 
small dielectric rod (plastic screwdriver for RF 
ferrite cores) and approach it to the hot end of 
the microstrip. The presence of the dielectric rod 
causes a decrease of the resonant frequency of 
the microstrip. Monitoring the output of the circuit 
it can be immediately discovered whether the 
microstrip resonator is too short — the presence 
of the dielectric rod increases the output signal, 
or whether it is too long — the presence of the 
dielectric rod decreases the output signal. 


Where larger capacity variations are required 
due to the lower loaded Q (as in the 1296 MHz 
power amplifier}, a small piece of thin copper 
plate is used in place of the silver-plated wire to 
tune the circuit. 


In both transverters for 1296 MHz and 2304 / 
2320 MHz the required RF selectivity is not con- 
centrated in a single multi resonator filter but it is 
distributed among the RF amplifier stages, both 
in the receive signal path and in the transmit 
signal path, mainly in the form ct two resonator 
filters (see fig. 2) which are used, at the same 
time, as matching devices between two amplifier 
stages. 
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To obtain a usable value of coupling between 
two ./ 4 resonators there are two basic arrange- 
ments: both microstrips parailel and oriented in 
the same direction (fig. 2 a) and both microstrips 
parallel but oriented in opposite directions (fig. 
2 b). The coupling capacitors allow a more con- 
venient selection of the taps on the microstrips 
and provide also DC decoupling of the amplifier 
stages. 

Designing the transverters, particular care was 
taken to use exclusively cheap and easily avail- 
able materials and components without degra- 
ding the overall performance or the reproducibi- 
lity. Both transverters are built on low-cost glass- 
fiber epoxy FR 4 laminate which has noticeable 
losses at 2304 MHz (this is probably its frequency 
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Fig. 1: Tuning a}. / 4 microstrip resonator 


Left: Original ). / 4 microstrip resonator 
as etched on the PCB 


Middle: The resonant frequency is increased by 
removing part of the microstrip with the aid of 
a sharp knife 


Right: The fine frequency tuning is accomplished 
by soldering a short length of wire at the resonator's 
“hot end“ 


limit for high Q selective circuits). Except for the 
RF power amplifiers all the transistors are pack- 
aged in low-cost plastic cases. The reproduci- 
bility can only be enhanced by designing out 
the needs for critical components like chip 
capacitors or microwave trimmers. All the 
critical RF grounds are therefore directly con- 
nected to the ground plane on the other side of 
the PCB or to “printed” capacitors. The remaining 
capacitors are conventional ceramic disc (max. 
diameter 5 mm) or pearl types with wire leads, 
even those used to couple the microstrip reso- 
nators, since no difference could be measured in 
the electrical performances when repiacing them 
with the more expensive, and fragile, chip capa- 
citors. 


fe 
\ coupling 

capacitors Figl. 2: 
Two resonator filters in 
microstrip technology 
Left: parallel microsirips 
Right: opposed 
microstrips 
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BLOCK DIAGRAMS 


The block diagrams of the 23 cm and 13 cm 
microstrip transverters are shown in figs. 3 and 4 
respectively. Both transverters are of modular 
construction, each “box on the block diagrams 
representing a single module built on its own 
printed circuit board. Separate mixers are being 
used in the transmit and receive signal paths. 
Since the single - ended bipolar - transistor 
mixers are termination sensitive, each converter 
has its own last LO multiplier stage or stages. 


Both transverters include a solid state, RF- 
antenna switch with PIN diodes to replace ex- 
pensive and potentially unreliable coaxial relays. 
The VOX module is used to interface the trans- 
verters to any conventional 144 MHz base trans- 
ceiver having a common transmit / receive an- 
tenna connector. The VOX module includes an 
RF detector driving a solid stale DC supply 
switch, a receive IF preamp at 144 MHz with a 
base station, TX protection circuil and a power 
attenuator to reduce the base station TX power 
feeding the transmit converter. Of course the 
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Fig. 3: Block diagram of the 1296 / 144 MHz transverter 
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operation of the VOX module must be “trans- 
parent": it must not limit the operational perfor- 
mance of the transverter in any circumstances. 
On the other hand the VOX module simplifies 
the operation and increases the reliability, since 
a single-connection cable is used between the 
base RTX and the transverter, and the circuit of 
the transverter can not be damaged by a wrong 
connection or a faulty cable. 


The 23 cm transverter has a single local-oscillator 
module, since the 1296 MHz segment is being 
used for narrow-band operation in most coun- 
tries. The LO power splitting at 576 MHz is made 
with a simple capacitive divider (fig. 16). The 13 
cm transverter has two local-oscillator modules 
since only 2304 MHz segment is allowed in some 
countries (Italy) and only the 2320 MHz segment 
is allowed in some other countries (Germany). 
Fortunately, in Yugoslavia and in many other 
countries, both segments are allowed and trans- 
verters covering both subbands are required to 
be compatible with all possible correspondents. 
A diode switch is required in this case to switch 
between the outputs of the LO modules and the 
LO inputs of the converters. If operation in a 
single subband only, is required, the LO module 
output may be connected as in the 23 cm trans- 
verter. 
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Fig. 4; Block diagram of the 2304 / 2320 / 144 MHz transverter 


Finally the modular construction allows a number 
of variations, induding modules built in other 
technologies, and / or transmit only, and receive 
only converters primarily for the satellite uplink 
band around 1270 MHz and downlink band 
around 2400 MHz respectively, 


3. 
RECEIVE CONVERTERS 


The receive converters for 23 om (fig.5) and 
13 cm (fig. 6) are basically of identical design 
except for the obvious changes due to the almost 
2:1 frequency ratio. Both converters have two RF 
amplifier stages (T, and T;). the main RF selecti- 
vity provided by the two resonator interstage 
filters. The input resonator only provides a broad 
selectivity to reject far removed interference, 
since its insertion loss has to be kept low to avoid 
noise-figure degradation. 
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The receive mixers employ a single bipolar 
transistor. Both LO and RF signals are applied to 
the base of the mixer transistor through }. / 4 lines 
(Lip and Lig in fig. 5, Lyo and Lo» in fig. 6). The 
purpose of these lines is to transform the rela- 
tively low out-of-passband impedance of the 
filters into a high impedance at the base of the 
mixer transistor. In this way the RF filter does not 
attenuate the LO signal and the LO filter does not 
attenuate the RF signal. To increase the conver- 
sion gain of a transistor mixer, the base must be 
efficiently grounded for the output frequency and 
the collector must be efficiently grounded for the 
input frequencies. The base of the receive mixer 
transistor is virtually grounded for 144 MHz 
through the 10 nF capacitor. The collector is con- 
nected to alow-pass z filter / impedance matching 
network tuned to 144 MHz. The first capacitor of 
the filter is printed on the PCB to minimize its 
parasitic inductance, 


The 23 cm converter includes a single frequency 
doubler stage (T,) to obtain the 1152 MHz signal 
from 576 MHz. The 13 cm transverter needs two 
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frequency doubler stages (T; and T,) to obtain 
first 1080 (1088) MHz and finally 2160 (2176) 
MHz from the original 540 (544) MHz signal. 
Transistor multiplier stages have a_ similar 
requirement as mixer stages, concerning the 
input and output impedances: the base should 
see a low impedance for the output frequency 
and the collector should see a low impedance 
for the input frequency. The function of the two 
stubs L;, and Ly, on fig. 6 (2. / 4 at 2160 MHz 
including the parasitic inductivity of the transistor 
package) is to provide a short circuit for the out- 
put frequency of the multiplier stage. At lower fre- 
quencies, a capacitor between base and emitter 
is usually sufficient (low-impedance lines L;, on 
fig. 5 and L.. on fig.6). 


The 23 cm converter reaches an overall noise 
figure of around 3 dB. Since the performances of 
the transistors used fall off rapidly with increasing 
frequency, the performance of the 13 cm conver- 
ter is considerably worse, the overall noise figure 
being around 7 dB. This performance can aiso be 
attained by a far simplier interdigital-cavity diode 
converter, however the manufacture of the inter- 
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digital cavity requires a considerable amount 
of work and the mixer and multiplier diodes are 
not easily available, they actually cost more 
than all the plastic-case transistors used in the 
microstrip converter. Of course it is possible to 
use better transistors, since the tuning elements, 
already present in the circuit, enable a correct 
matching for almost any bipolar microwave 
transistor. 


4. 
TRANSMIT CONVERTER AND 
POWER AMPLIFIER FOR 23 cm 


The transmit converter for 1296 (1270) MHz 
is shown in fig. 7. The frequency doubler (T,) from 
576 MHz to 1152 MHzis very similar to that in the 
receive converter. The transmit mixer (Tz) is a 
single-ended configuration using a single bipolar 
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Fig. 5: Receive converter for 1296 MHz. All transmission lines L, to L,, are printed on the PCB. L,; self 
supporting, |. d. = 5 mm, wire = 0.7 Cul. L,; 8 turns, variable spacing! 
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Fig. 6: Receive converter for 2304 / 2320 MHz. All transmission lines L, to L,, are printed on the PCB. L,, self 


supporting; 


transistor, Both LO and 144 MHz IF signals are 
applied to the base of the mixer transistor. An 
additional 10 dB attenuator is placed in the IF 
signal path as it is more convenient to perform the 
base station TX-signal attenuation in two con- 
secutive steps thus avoiding some otherwise, 
critical connections. 


The transmit mixer is followed by two selective 
RF amplifier stages (T. and T,) at 1296 MHz. The 
five in total i. / 4 resonators are completely suf- 
ficient to attenuate all unwanted signals such as 
the LO at 1152 MHz and other unwanted products 
generated in the mixer stage. The second ampli- 
fier stage supplies about 20 mW of power at 1296 
MHz and the transmit converter can already be 
used as a low-power transmitter in the 23 cm 
band. 


The transmit power amplifier for 1296 (1270) MHz 
is shown in fig. 8..It includes three amplifier 
stages to increase the output power to around 
1.5 W. The main function of the microstrips is to 
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i. d. = 5 mm, wire = 0.7 Cul, L,; 8 turns, variable spacing! 


provide interstage matching with minimal inser- 
tion loss. The first two amplifier stages use BFR 
96 transistors, which can provide 6 to 7 dB power 
gain at 1296 MHz depending on the output power 
level and bias conditions. The first BFR 96 (T;) 
operates in class AB supplying about 100 mW to 
the secound BFR 96 (T-). This transistor increa- 
ses the power level to about 400 mW. This is pro- 
bably the maximum safe power level a plastic- 
case transistor, like the BFR 96, can supply. For 
higher power levels more expensive transmission 
transistors are required, packaged in metal- 
ceramic cases with a stud or flange for heat 
dissipation. The transistor used in the third ampli- 
fier stage (T3), 2 N 5944, does not provide a very 
high gain (about 5 dB), but it is quite rugged since 
it was designed for transmitter operation. Since 
this transistor is internally matched for operation 
in the 70 cm band, its input impedance at 1296 
MHz has a very high reactive component, 
compensated with Ls and Ly. L; is an air-wound 
4 / 4 choke since a single printed microstrip 
3./ 4 choke was not sufficient. 
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Fig. 7: Transmit converter for 1296 (1270) MHz. All transmission lines L, to L,, are printed on the PCB. 


5. 
TRANSMIT CONVERTER AND 
POWER AMPLIFIERS FOR 13 cm 


The transmit converter for 2304 (2320) MHz is 
shown on fig. 9. The two frequency multiplier 
stages (T, and T,) from 540 (544) MHz to 2160 
(2176) MHz are very similar to those In the receive 
converter, The transmit mixer (T,) is practically 
identical to that for the 23 cm band, including 
the 144 MHz IF attenuator. However, due to the 
higher frequency, the transistors have a lower 
gain, and more amplifier stages are required. 
The residual LO signal and other unwanted 
mixing products are relatively less distant from 
the desired signal and therefore more filtering is 
required. Unfortunately, laminate losses become 
significant at 2.3 GHz and some gain is also 
necessary to overcome the losses in the micro- 
strip resonators. 


The two selective RF amplifier stages (T, and T;,) 
following the mixer, provide about half of the 
selectivity required (attenuation of unwanted 
signals) and increase the wanted 2304 / 2320 
MHz signal level to about 5 mW. 


This signal feeds the selective transmit power 
amplifier for 2304 / 2320 MHz, shown on fig. 10. 
This amplifier consists of four amplifier stages. 
The first two stages (T; and T,) provide the 
remaining selectivity and about 10 dB of gain 
thereby increasing the useful level to about 
50 mW. 


The following two stages (T, and T,) employ BFR 
96 transistors. With caretul input matching, these 
can supply about 3 dB of gain per stage, and 
about 200 mW of power at 2304 / 2320 MHz. 


Note that all the amplifier transistors are biased 
in class A to obtain the maximum possible gain. 
When bipolar transistors are operated in class A, 
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Fig. 8: Transmit power amplifier for 1296 (1270) MHz. All transmission lines L, to L, and L, to L,. are printed on 
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Fig. 9: Transmit converter for 2304 / 2320 MHz. All transmisssion lines L, to L,, are printed on the PCB 
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close to their maximum useable frequency and 
at high signal levels, it is very common to observe 
a “negative rectification" phenomenon: with the 


amplifiers in class AB or B at lower frequencies! 


The 200 mW available from the last BFR 96 


drive power applied. the collector DC current also 
decreases. This is actually just the opposite of 
what we are accustomed to when working with RF 
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transistor are already sufficient for a low-power 
transverter. In this case only a RF antenna switch, 
such as that described in the following section, 
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needs to be added to complete the microwave 
part of the transverter. 


However, in the case a slightly higher output 
power and somewhat better receiver sensitivity 
are desired, a transmit power amplifier and a re- 
ceive preamplifier are required. To avoid inter- 
connection losses, both stages are integrated, 
together with a PIN diode RF antennas switch, 
onto a single printed circuit board (see fig. 11). 
The RF power transistor (T;) BFQ 34 requires a 
fairly complex matching network to allow the use 
of similar microstrip tuning elements as in the 
lower level stages. T> BC 213 is a bias regula- 
tor for the RF power transistor. It stabilizes the 
operating point of the RF transistor around the 
optimum value of 140 to 150 mA of DC collector 
current in order to counter the “negative rectifica- 
tion" problem. The obtainable output power, sub- 
tracting the losses in the PIN antenna switch, is 
in the 500 mW range at the antenna connector. 


The receive preamp improves the receive-con- 
verter noise figure by about 1.5 dB when equip- 
ped with the relatively cheap transistor BFO 69. 


6. 
RF ANTENNA SWITCHES FOR 
23 cm and 13 cm 


mechanical work required for their construction. 

Since they are electromechanical components, 

they are also subjected to wear and are thus 
potentially unreliable. Fortunately, for low-power 
transmission only, for moderate insertion loss and 
cross-talk requirements, a solid state replace- 
ment is readily available. Popular PIN diodes like 
the BA 379 can be used to switch 5 to 10 W of RF 
power depending on the circuit configuration of 
the switch and number of diodes used. The maxi- 
mum switched power is limited both by the power 
dissipation rating and breakdown voltage of the 
single diodes. The BA 379 has, however, another 
very interesting property: the PIN-diode structure 
is also very siow to turn on. Therefore RF voltages 
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Fig. 10: Selective transmit power amplifier for 2304 / 2320 MHz. All transmission lines L, 
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to L15 are printed on 


105 


& VHF-COMMUNICATIONS 2'86 


12 Ey 
ol _ 7 M1 Lé 
| es BFO 
#304 MHz! cu i 
(2320 Md Mh t 
Oo 

34 | 6a I | | | 680 _ 
T2 | bs [| | | 4 ee 

, I ’ =] 220 22007 f lh | 

BC 21333 [i : j _| | 
oswl! | | A 

fase segues pam) rete “Rati Ihatee Bi cad ft aa thet 

12 inane 580 j A © gecrucktscned bsp 

O secrocktfounted épl 

+—_——_» B Bu 
® nedeucst sprinted i+ pF 
=A | A= * 
NTE © e —- — ——— - +———0» R 
== in =~ 
| YU3UMV o10 | 


Fig. 11: TX power amp, antenna switch and receive preamp 2304 / 2320 MHz. 
All transmission lines L, to L,, are printed on the PCB 
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of sufficiently high frequency can not switch the means that these diodes do not need any reserve 
diode on even if the positive halfwave amplitude DC bias in the non-conducting state, even if an RF 
greatly exceeds the diode turn-on voltage of voltage of more than 20 Vpp is applied to these 
about 0.7 V. In our particular application, this diodes during transmission. 
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Due to the residual diode resistance in the on- 
State, and other prasitics, the insertion loss of the 
RF antenna switch shown in fig. 12 is around 0.5 
GB in the 23 cm band and around 1 dB in the 13 
cm band. Accurate insertion-loss measurements 
are difficult due to the mismatches at coax to 
microstrip transition, microstrip radiation and 
other causes. The cross-talk attenuation is suffi- 
cient for the application shown, limiting the 13 cm 
TX power to below 1 W to avoid RX frontend 
damage. 


New High-Gain Yagi Antennas 


The SHF 6964 is a special antenna for the space 
communication allocation of the 24 cm band. 
The maximum gain of this long Yagi is 19.9 dB, at 
1269 MHz and falls off quite quickly, as with all 
high-gain Yagis, with increasing frequency. We 
do not, therefore, recommend this type of anten- 
na for operation at 1296 MHz but for ATV appli- 
cations at 1152 MHz it is eminently suitable. 
There is no 24 cm ATV antenna on the world mar- 
ket which possesses more gain. 


The mechanics are precise, the gain frequency- 
swept and optimised. Measurements carried out 
during heavy rain show that the antenna is not de- 
tuned by moisture 


Length: 5m 

Gain: 22 dB,,i.e. 19.9 dB, 
Beam-width: 13.6° 

Front/ Back ratio: 26 dB 
Side-lobes: -17dB 
VSWR ref. 50 0: Teed 

Mast mounting: clip (max). 52mm 
Stock-No. 0103 Price: DM 298.— 
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The RF antenna switch is controlied by the two 
supply voltages + 12 V RX and + 12 V TX swit- 
ched by the VOX module. The silicon diodes 1 N 
4148 in series with the supply of the “shunt” PIN 
diodes are required to speed up the switching, 
since the supply voltages do not fall immediately 
to zero after a transmit / receive or receive / trans- 
mit switchover. 


Concluding part in de next edition. 


The SHF 1693 is a special version for the recep- 
tion of METEOSAT 2. This unobtrusive alter- 
native to a 90 cm diameter parabolic antenna 
enables, with the aid of a modern pre-amplifier or 


down-converter, noise-free weather picture 
reception. 

Length: 3m 

Gain: 20.1 dB,, i.e. 18 dBy 
Beam-width: 16.8° 

Front / Back ratio: 25 dB 
Side-lobes: 17 dB 
Stock-No 0102 Price: DM 398.— 


D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


Tel. West Germany 9133 47-0. For Representatives see cover page 2 
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Jochen Jirmann, DB 1 NV and Friedrich Krug, DJ 3 RV 


Microcomputer System 
Part 1: Switched-Mode Power Supply (S.M.P.S.) | 


We would like to introduce the power supply 
to start the descriptions of the individual 
modules announced in the 4 / 85 edition of 
VHF COMMUNICATIONS (1). This unit is 
realized as a switched-mode power supply, 
the theoretical groundwork for this being 
covered extensively in (2) by DB 1 NV. 


1. 
CONCEPT 


The circuit concept of the power-supply module 
was motivated by the idea that, even with the 
largest complement of possible extension mo- 
dules, all would be powered with good efficiency. 
In order that under partly loaded conditions the 
efficiency would also be favourable, the module 
was built as a primary switching regulator using a 
single-transistor choke converter. 


The disadvantages of the choke converter are 
that the choice of suitable and sufficiently rated 
components is critical and that the output filtering 
must be quite extensive in order to suppress 
interference to a workable level, This will be 
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mentioned in more detail in the circuit description. 
For the circuit conception, the total power require- 
ments and working voltages were the determining 
factors. Working potentials of V, 5 NM; 
V>= + 12VandV; = — 12 V ata total secondary 
power output of 100 W were provided under the 
following considerations: 


For the powering of a modern microprocessor 
module, only a fixed voltage of + 5 V is neces- 
sary, this being standard practice since the 
introduction of TTL integrated circuits. The 
tolerance for this voltage amounted, in the most 
unfavourable case, to only + 5 %, although for 
high-speed CMOS chips, a supply range of 2 V 
to 6 V is permissable. 


For the operation of floppy-disc drives, monitors 
and a few special units, a supply of 12V+5% 
is necessary and a V 24 interface requires a 
— 12V supply. Asupply of — 5 V for older memory 
elements or the use of a supplementary 8080 
microprocessor was not provided as, if it be- 
comes necessary, it may be relatively easily 
taken from the — 12 V supply rail by means of a 
fixed voltage regulator. 


The estimated power requirements for a maxi- 
mally utilized computer system, complete with 
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Fig. 1; 100 W Choke converter microcomputer switched-mode power supply 


monitor and two floppy-disc drives, all in constant 
operation is: 


> 5V/ 6A(8A) = 30 W 
+ 12Vi 3A(6A) 36 W 
— 12V/0.1A = 12W 
Total 67.2 W 


The figures in brackets represent short-term 
peak values which arise from the drive motors of 
the floppies or from a transistory operation of a 
further unit such as an EPROM programmer card. 
It was not thought necessary to provide extra 
heat-sinking to cover these transistory powers. 


The power loss in the rectifiers, stabilizing 
circuits and in the transformer must all be added 
to the 67.2 W given above. A figure of 100 W 
would cover all requirements plus a reserve for 
the peak demands. That is the sort of power re- 
quirement that a modern television would have, 


and for this application, there exists a wealth 
of well-tried circuits and favourably priced com- 
ponents. Besides this, nearly all semi-conductor 
manufacturers supply convenient, highly-inte- 
grated control and regulating chips for the switch- 
ing transistor. At the same time, these chips pro- 
vide a variety of monitor functions which greatly 
increases the functional integrity of the SMPS 
and also its sure-fire duplication. We have de- 
cided to use the Siemens control |C TDA 4600-2 
or TDA 4601 for the switching transistor control 
module, this being comprehensively covered in 
(3) to (5). Both types are pin and function com- 
patible with each other, the TDA 4601 having a 
low-voltage protection facility which is of no im- 
portance to this application. 


Should more information be required about 
the basic function of switched-mode power 
supplies, reference is again made to (2) and also 
to (6), (7) and (8). The principle function of the 
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subject SMPS will be explained with the aid of the 
block diagram of fig. 1 


The choke converter stores all its energy in a 
“transformer“ in magnetic form during the 
conducting phase of the switched transistor. 
Following the cut-off phase of the switch, the 
transformer winding voltage polarity changes. 
The rectifiers in the winding n 2 to n 6 circuits 
conduct and deliver energy from the transformer 
core into the charging capacitors. The charge 
time depends upon the energy stored in the core 
and the load on the secondaries. At the same 
time, the secondary voltage is heavily dependent 
upon the current load. In order to achieve as 
constant an output voltage as possible, the 
control circuit must control the period that the 
switched transistor conducts according to the 
quantity of energy stored in the core. A reference 
signal from winding n 3 assists in this purpose. 
The switching frequency is then a function of the 
load and varies between 18 kHz (full load) and 
50 kHz (no load). 


As the secondary load distribution can vary 
drastically between windings n 4 to n 6, the V, 
(+ 5 V) is regulated from a secondary regulator 
which also reacts upon the control-circuit requia- 
tor. The V>(+ 12 V) and V, {— 12 V) supplies are 
both stabilized additionally by series pass regula- 
tors. At the same time, the unavoidable magnetic 
coupling between windings is balanced out. 


The other circuit parts in the block schematic 
concern the mains supply to the unil. The 220 
VAC is fed into the mains rectifier via an rfi 
suppression filter. The rectified output is then 
filtered and fed to the pulsed transducer (the main 
“transformer” functions in this circuit electrically 
as a choke), 


Owing to the pulsed operation of the SMPS, the 
required outlay, in terms of smoothing and 
suppression measuras, is quite high. 


The supply for the control circuit during operation 
is taken from winding n 2. Upon initial switch-on, 
however, this winding cannot supply any power 
and the control circuit must be supplied from a 
rectified starter voltage. After the start condition 
and the power supply has settled down to steady 
operation, the control-circuit supply is automati- 
cally switched over to the auxiliary winding n 2. 


CIRCUIT DETAILS 


Referring to the circuit schematic of fig. 2, the 
power-supply function will be described more 
closely and the details of the block diagram in 
fig. 1 will be highlighted. The component specifi- 
cations can be taken from the parts list. 


2.1. Surge Limiter and Suppression Filters 


The mains input voltage is taken via two cartridge 
fuses and R 1 to the mains interference suppres- 
sion filter. This comprises a current-compensated 
choke of 2 x 27 mH and two X-capacitors, each of 
150 nF. The varister R 2 removes dangerous 
voltage peaks from the mains supply. Resistor 
R 1 and the nTC thermistor R 3 serve to limit the 
switch-on surge current. They also form, together 
with the capacitors in the suppression filter, a low- 
pass filter for additional rfi suppression. This 
is also improved owing to capacitors C 3 to C 6 
which are connected across the bridge rectifier 
diodes. These have the effect of Y-capacitors and 
are connected via C 1 and C 2 to the ground / 
earth of the mains supply. Capacitor C 2 is only 
necessary in the event that the power supply is to 
be fully isolated from the mains. If the conventio- 
nal construction, using a metal (screening) hous- 
ing, is employed, C 1 and C 2 may be dispensed 
with the low potential side of the mains rectifier / 
filter being taken directly to chassis ground. 


The construction of this power supply is attended 
by the observation of mandatory safety measu- 
res, The capacitors C 1 to C 6 must only be those 
types which are expressly manufactured for this 
application and which have been approved by the 
relevant national standards authorities, 


2.2. Mains Rectifier and Filters 


The mains rectifier bridge D 14 provides the DC 
and capacitors C 7 and C 8 serve as charge 


11 


x 


capacitors. Because of the division of the capacity 
into two, connected via choke CH 2, they also 
work, in conjunction with C 35, as a high-fre- 
quency suppression filter. The fast-blow fuse F 3 
is fitted for protection against fault currents. In 
the event of a blown fuse, R 16 acts as a bleeder 
resistor for C 7 — another safety measure. This 
resistor should, of course, be capable of withstan- 
ding the voltage across it. This goes also for 
resistors R 4, R 8 and R 15, 


2.3. Starting Supply for Control Module and 
Shut-Down Circuits 


Upon switching on the power supply the control 
circuit module | 1 is immediately supplied with 
power via D 1, R 4 andT 2. Capacitor C 9 charges 
to 12 volts in about 800 ms and the control module 
starts producing start pulses for the switched 
transistor T 1. Capacitor C 9 then discharges. 
The Zener diode D 15 in paralell with C 9 serves to 
protect the capacitor in the event of a fault. 
Following the operation of the transistor switch, 
the winding n 2 supplies a voltage, which is 
rectified by D 9, to the contro! module. Pin 1 of 11 
at the same time produces a reference voltage 
causing T 3 to conduct and T 2 to cut-off. Resistor 
R 15 has, at the same time, the function of a 
bleeder for C 8. 


2.4. Control Module 


The switching transistor T 1 is caused to conduct 
during the periods of the pulses supplied by the 
control module | 1 pin 8 via R 5, CH 3 and C 15. 
Resistor R 5 is a feedback element and serves to 
fix the base control current of T 1 with the output 
of | 1 pin 7. The ferrite bead FB prevents parasitic 
oscillation but has a minimum effect upon the 
form of the current pulses. Use only the ferrite 
bead mentioned in the parts list. During the 
development of this circuit, the use of the wrong 
ferrite material resulted in a parasitic oscillation 
which was difficult to locate. 


The period of the base current pulse is controlled 
by the voltage on | 1 pin 3. Itis developed across 
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the potentiometer formed by R 6, R7,R9, R13 
and R 17 and supplied by a combination of the 
positive reference voltage at | 1 pin 1 and the 
rectified negative voltage from winding n 3. The 
secondary voltage may be adjusted by R 17 pro- 
viding that the windings have a high mutual 
inductance. A transformer which has been hand 
wound usually possesses a relatively high 
leakage inductance and an additional control 
from the secondary side, via the opto-coupler 
| 3 and R 17, is necessary. Unfortunately, be- 
cause of the long time constants in the secon- 
dary, the control is largely ineffective, C 24 
prevents control-loop oscillation. 


The voltage provided by winding n 3 via filter R 19 
/C 22 and R 10/C 21 tol 1 pin 2 serves asa 
through-zero transition detector. With this, the 
discharge of C 15 via | 1 pin 7 is initiated. The 
voltage present at | 1 pin 4, with a time constant 
oft = R8 x C 23, determines the power overload 
point, set here to 100 W. Making C 23 larger in 
value increases the overload limit. 


At pin 5, the supply voltage to the control module 
| 1 is monitored via resistor R 11. In the event of 
insufficient voltage — perhaps a secondary short- 
circuit which brings down also the voltage across 
n 2 — the current pulse to T 1 is suppressed. This 
renders the power-supply output short-circuit 
proof. 


2.5. Choke-Converter Transformer and 
Switch Transistor 


When the switched transistor T 1 is conduc- 
ting. magnetic energy produced in the wind- 
ing n 1 is stored in the transformer. This energy 
must be stored without the transformer core 
saturating and therefore a large core with an air 
gap must be provided. The core has. in fact, an AL 
factor of 250 nH per turn®. When working at its full 
output power of 100 watt, the duty cycle (T on / 
T off) is 1: 2 and the switching frequency an 
inaudible 18 kHz. The conduction time T on = 
18 us. 


The stored energy W (per pulse) produced with 
a linear slope pulse in the winding n1 may be 
given as: — 
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Fig. 3: 

Collector current I_ 
and collector voltage 
Vee at T 1 at full 

load (100 W) output 


—— 


t=1Qus /div 


W = P/f=O05LIP=0.5 Te Voc? /L 
L = 0.5 f Ton? Voc? / P 


When Vop¢ is 280 V across C 8, L = 2.3mH 


At the given AL factor of the core, the required 
number of primary turns is: 


N= \L-AL = 96 turns 


The current in the winding rises to I. 


T= Ton Voo/L=2.2A 


When T 1 is switched off, the T 1 collector voltage 
rises, diode D 8 conducts, C 25 charges and limits 
the rise of the collector potential. Upon switching 
on T 1 again, the C 25 discharge is limited by R 20. 
An oscilloscope monitor point has been provided 
on the board in order that the T 1 conduction 
current may be controlled. C 25 and R 20 can 
then be optimized for the transformer. 


The current and voltage waveforms, at full load, 
are shown in fig. 3 for transistor T 1. 


The peak at the moment of switch-on caused by 
the discharge of C 25 can be clearly seen. Note 
the linear rise of the current to its peak value of I. 
This linear characteristic indicates that the trans- 
former is not saturating. 
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The switch-on current peak should be as small as 
possible as, at this instant, the collector voltage 
Vce has not, as yet, dropped to zero, thereby 
developing a power loss lc Vee in the transistor. 
By a suitable selection of value for resistor R 20, 
most of the energy stored in C 25 may be diverted 
from the transistor into the resistor. The BU 508 A 
has a maximum permitted junction temperature of 
only 150° C and the RCD combination (slow-rise- 
network) of C 25, D 8 and R 20 serves to protect 
the transistor. 


When T 1 is turned off the collector voltage nses 
to twice or three times the applied voltage Voc and 
then falls, as the secondary diodes start conduc- 
ting, to a steady value of about 480 V. The voltage 
surge is delayed by C 25 and D 8 to about 500 V/ 
#S in order that it is limited to under that specified 
for the collector-emitter voltage Vcr, = 700 V 


During the time that the collector potential is 
constant, the magnetic field is declining as the 
secondary delivers energy to the load. The 
voltage on the output winding, calculated on the 
data given, is about 2 V per turn thus determining 
the number of secondary turns necessary for the 
required output voltage. 


2.6. + 5 V Supply 


Across winding n6 a voltage of aboul 6 V appears 
during the cut-off period of T 1. The reservoir 
capacitor C 17 is charged up to 5 V owing to the 
potential difference across rectifier D 12. In order 
to keep the efficiency high and the ripple voltage 
low, all the secondary rectifiers employ Schottky 
diodes. The electrolytic capacitors also are 
special low-resistance and inductance types, 
which have been specifically designed for 
switched-mode power supplies. In spite of this, a 
further filtering process is necessary to keep the 
output voltage as free as possible from residual- 
interference-producing components. This is car- 
ried out by choke CH 6, C 12 and C 33. The choke 
is wound on a ferrite rod in order that it has a high 
saturation point. 


The diode D 14 serves as an over-voltage protec- 
tion, which, in the event a fault, limits the output 
voltage to + 6 V whilst LED D 6 acts as an “on” 
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indicator as well as being a bleeder for the electro- 
lytics. 

In order to hold the output within a tolerance 
range of + 0.25 V during mains and load fluctuat- 
ions, an additional regulation supplements that 
carried out via winding n3. This supplementary 
regulation uses the reference element | 2 and 
opto-coupler | 3. 


The output voltage sample is taken via voltage 
dividers R 27 to R 30 and compared in | 2 with 
a 2.5 V reference voltage. The difference voltage 
is then caused to alter the current through the 
opto-coupler photo diode in the appropriate 
sense. 


R 27 is a feedback resistor which, together with 
R 24 and C 26, increases the loop reaction time 
thereby reducing the tendency for loop instability 
The combination C 26 and R 24 also serves this 
purpose. The photo transistor in the opto-coupler 
is connected in parallel to the voltage divider 
resistor R 17 in the regulation loop and also 
participates in the regulation. The time constant 
of R 13 and C 24 is so chosen that voltage 
transients, due to large load variations, remain 
within the specified voltage tolerance. 


2.7. — 12 V Supply 


Winding n 5 delivers a voltage of about 16 V which 
is rectified by Schottky diode D 10, producing 15 V 
across electrolytic C 10. Following the filter 
elements Ch 4 and C 19, this voltage is stabilized 
by a series stabilizer | 4. The diodes D 3 and D 4 
are protection against a polarity fault. As the — 12 
Vis also used as a reference voltage for the + 12 
V supply, a residual load is formed by resistors 
R 34, R 35 and R 36. This assists the regulation 
and also bleeds the capacitors after switching off 
the supply when the load has been disconnected, 


2.8, + 12 V Supply 


Winding n 4 supplies a fullload voltage of 
approximately 15 V which is rectified, filtered 
and then stabilized with series-pass transistor 
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T 5. The reference voltage for the regulation is 
supplied by D 16 to the emitter of T 4, to the base 
of which, is applied the output sensor voltage 
supplied by the voltage divider R 34, R 35 and 
R 36. Transistor T 4 amplifies the error voltage 
via the gate of T 5. Resistor R 23 and capacitor 
C 34 serve only in the stabilization of the regula- 
ting loop and elements. 


The LED D5 serves also as a bleeder load during 
unloaded operation. 


3. 
POWER SUPPLY CONSTRUCTION 


Despite the rather closely packed PCB DJ 3 RV 
010, the construction presents no real problems. 


Basically, the cooling of the power semi-conduc- 
tors must be attended to. Resistors R 1 and R 20 
develop a lot of heat and must be suspended 
above the board thus allowing a cooling air-con- 
vection current to flow around them. 


Mounting the printed circuit board vertical against 
the inside back wall of the cabinet also helps 
with the convection cooling. The PCB should be 
so positioned that the resistor R 20 is uppermost 
in the cabinet. Figure 4 gives an example of how 
the board is mounted, the rear cabinet wall 
assisting in the dissipation of heat. 


The connecting leads to the module and the 
floopy disc drive must be of large cross-sectional 
area. This applies particularly to the + 5 volt 
output lead. A copper connecting lead of 1 mm* 
cross-sectional area has a resistance of 17 mQ 
per metre, which means that with 6 A flowing, 
there will be a potential drop of 0.1 V per metre. 


Fig. 4: The SMPS board mounted on the back wall of the cabinet 
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3.1. Components 


For this type of SMPS with a switch frequency 
of between 18 kHz and 50 kHz, normal standard 
components from the junk box are usually unsuit- 
able. Also, the relatively compact construction 
requires a few special components which are 
detailed in the following parts list together with 


manufacturers and suppliers. 

Semiconductor 

T1: BU 508 A (Vaivo, Motorola etc.} 

T2 BF 459 or similar (Vce = 350V) 

T3: BC 550 or similar 

T4: BC 560 or similar 

T5: BUZ 71 (Siemens) or other 
power FET e. g. Motorola 
MTP 10 N60 

D1-D4: 1N 4007 

D5, D6: LED (Ip = 20 mA) 

D7-D9: BA 159 or other fast HV diode 

D 10: BYS 21 - 90 (Siemens) 
Schottky diode 

D11: BYS 24 - 90 (Siemens) 
Schottky parallel diodes 
b=BA 

D 12: BYS 28 - 45 (Siemens) 
Schottky parallel diodes 
Ip = 25A 

D 13: 1 N 5629 (Thomson-CSF) 
TAZ Suppressor diode for 5.5 V 

D 14: B 250 C 1000 / 700 or equiv. 

D 15: ZPD 16 

D 16: ZPD 6.8 

11: TDA 4600-2 or TDA 4601 
(Siemens) 

12: TL 431 CLP (TI) 

13: CQY 80 (Tfk), VDE proof 

14: 7912 CT 


The semi-conductors can be supplied by various 
firms, but Buerklin, SchillerstraBe 40, 
8000 Muenchen 2, supplies everything. 


Capacitors 

C1: 2.2 nF, 250 V (ERO) VDE 0560 
specs, 
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C2-Cé6: 1 nF, 250 V (ERO) VDE 0560 
specs. 
C7: 150 uF, 385 V (Siemens) 
B 43306 
C8: 47 uF, 350 V, upright or axial 
@. g. Valvo 2222 133 45479 
C9-C 12: 470 uF, 25 V for SMPS use 
e.g. ROE, Type EKR 
C17: 6800 »F, 10 V (Siemens) 
B 41336 or 10000 uF, 10 V 
(Valvo) 
2222 051 54103 for SMPS use 
C18: 4700 uF, 25 V (Siemens) 
B 41336 or (Valvo) 
2222 051 56472 for SMPS use 
C19: 47 pF, 25 V for SMPS 
e.g. ROE, Type EKR 
C25: 4,7 nF, 1500 V (Siemens), 
B 32650 - K 1472- T Pulse cap 
C35: 0.15 uF 400 V, MKT, RM 15 


All other capacitors are standard components. 
Values and dimensions can be seen on the dia- 


gram or component outlay. 

Resistors 

R1: 3.9 12, 4.5 W (Vitrom) 208 - 3, 
wire-wound upright 

R2: SO 7 K 250 (Siemens) 
Q69 - X 3044 

R3: K 231 / 33 2 (Siemens) 
P.T.C. Q 63023 - K 1330-N 

R4: 10 kQ2, 4.5 W metaloxyd 


resistor, > 300 V proof 
e, g. WK 8 (Resista) 
R8: 330 kQ, 1.4 W, > 300 V proof 


R15,R 16 150 kf, 1.4 W, > 300 V proof 

R17: 10 kf), preset. cer. horizontal 

R 20: 100 1. , 7 W (Vitron) KV 212-3, 
wire-wound upright 

R30: 4.7 kQ, preset. cer. horizontal 

R 36: 220 {) preset cer. horizontal 

R37: 4700,0.5W 


All other resistors are of the type 0207. 
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Other Components 


Ch 1: rfi suppression filter, 
2x 27mH/1.4A, 


(Siemens) B 84110-B-A14 


Ch2-Ch4: 4.7 pH Ferrite rod choke 
Ch5, Ch6: Ferrite rod core (Valvo) 
4322 020 36810 
FB: Ferrite bead, 5mm, 
mat. N 22 or FXC3B 
TEN: RM 14, 


ferrite core transfr. complete 
AL = 250 nH / turn? (Siemens) 


3.2. Winding Details 


Chokes Ch5 and Ch6, as well as the transformer, 
must be wound 


Ch5: 20 turns Cul 1 mm dia on rod 

core 5 mm dia 

12 turns Cul 1.5 mm dia on rod 

core 5mm dia 

Trt Start with the collector end of 
n1as reference 

ni: 96 turns 0.5 mm dia Cul in three 
layers with insulating foil between 
layers and also on top layer. 

n2: 6 turns 0.3 dia Cul 

n3: 10 turns 0.3 dia Cul 
Both n 2 and n 3 are laid besides 
each other in the same layer. The 
remaining space is filled with 
teflon tape. Use four layers of 
teflon tape to cover windings and 
isolate mains. 

n4: 8 turns 3 x Cul 0.7 mm dia 
parallel wires, covered with 
insulation foil. 

nd: 8 turns Cul 0.3 mm dia 

n6: 3 turns 4 x Cul 0.7 mm dia 
parallel wires 


Ché6: 


Both n 5 and n 6 are wound in a single layer and 
insulated as for n 3 and n 4 above. 


note: Cul = enamelled copper wire. 


The windings should be carefully wound and as 
tightly as possible, otherwise there will not be 
enough piace in the available winding volume. 
High frequency Litz-wire can also be used in 
place of single conductor copper wire. As the Litz- 


A 


wire is insulated with silk as well, the risk of 
internal arc-over due to mechanical movement of 
the wires in response to the current pulses is mini- 
mized. It must, however, be stressed that the 
winding volume is only just sufficient. 


ni: 30 x 0.1 CulS 
n2,n3,n5: 15 x 0.1CulS 
n4: 120 x 0.1 CulS 
né: 2x 120 x 0.1 CulS 


The Litz-wire may be obtained from the suppliers 
Buerklin. 


3.3. Component Placement 


The important thing to watch is that all the 
components have the specified ratings. The 
printed circuit board layout plan, fig. 5, indicates 
the component arrangement. The order attending 
the component mounting is unimportant, |. e. 
except for the semi-conductors. These should be 
left until last and after they have been mounted 
upon their heat sinks. This refers to T 1, T 5, | 1, 
D 11 and D 12, suitable heat sinks may be seen in 
fig. 6 and their mounting in fig. 4. Take particular 
care with diodes D 11 and D 12 that they are 
insulated from their heat sinks. By means of a 
tin-plate wall, mounted across the board, the heat 
sinks are mechanically secured and thermally 
bonded — the wall acting as a heat sink for the 
PCB as well. The heat sinks of T 1 and! 1 are, on 
mechanical grounds, bolted together by means of 
nylon screws and insulating spacers -- both sinks 
work at high (different) potentials. This latter point 
must be taken into account when T 1's heatsink is 
bolted on to the board as it has collector potential. 
No HV tracking must be allowed and ceramic 
stand-off insulators are recommended. 


4. 
COMMISSIONING 


In order to adjust the module, a (variable) isolation 
mains transformer and two high-wattage resistors 
for the output load, are required. 


A digital multimeter and a two-channel oscillos- 
cope with a current clamp and 1 kV probe are also 
necessary. The SMPS is switched on without load 
and with potentiometers R 17, R 30 and R 36 set 
to a mid-range position. 
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Fig. 5: 
Component layout 
of PCB DJ3 RV 010 
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Fig. 6: Heat and construction details 


The current clamp is placed around the current 
loop provided in the collector circuit of T 1 and the 
oscilloscope probe connected to C 9. The line 
voltage between live and neutral is slowly in- 
creased. 


At about 70 VAC the control circuit starts delive- 
vering pulses to T 1. The oscilloscope trace 
shows the voltage pulses and collector current is 
indicated in the clamp ammeter. 


Above approximately 120 VAC the SMPS starts 
to oscillate and an output voltage appears. The 
switching frequency is about 45 kHz and the 
pulses have the form shown in fig. 3. 


If the circuit is not forced into oscillation by the 
start impulses, the sense of the winding con- 
nections on the main transformer should be 
checked. This check should be carried out in any 


case in order to ensure that the circuit is in fact, 
working as a choke converter. 


If the circuit is oscillating without any problems, 
the mains supply can be increased to 220 VAC. 
The output voltage can then be adjusted with R 36 
and R 30 to a voltage of 12 V and + 5 V at partial 
load currents of 1 A and 2 A respectively. Under 
partially loaded conditions (of the 12 V supply), 
the 5 V supply should not be left unloaded, other- 
wise, the strongly regulated 5 V supply will cause 
the voltage across n 4 to be diminished. 


The SMPS should now be tested at the load 
extremes in order to test the output voltage 
regulation tolerances. If the predominating effect 
of the 5 V regulation is too strong, R 17 can be 
adjusted, thereby decreasing the feedback from 
n3 via the opto-coupler. The 5 V output must then 
be reset to nominal by means of R 30. 
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Colour ATV-Transmissions are no problem 


for our new ATV-7011 


The ATV-7011 is a professional quality ATV trans- 
mitter for the 70 cm band. It is only necessary to 
connect a camera (monochrome or colour), antenna 
and microphone. Can be operated from 220 V AC or 
12 V DC. The standard unit operates according to 
CCIR, but other standards are available on request. 


The ATV-7011 is a further development of our reli- 
able ATV-7010 with better specifications, newer de- 
on and smaller dimensions. It uses a new system 
of video-sound combination and modulation. It is 
also suitable for mobile operation from 12 V DC or 
for fixed operation on 220 V AC. 


PRIOR cascassviinssecsanvainesnnananansemcenscetasey DM 2995,— 
The ATV-7011 is also available for broadcasting use 


between 470 MHz and 500 MHz, and a number of 
such units are in continuous operation in Africa 


LK 


berichie terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


Specifications: 
Frequencies, crystal-controlied; 


Video 434.25 MHz. Sound 439.75 MHz 
IM-products (3rd order): better than — 30 dB 
Suppression of osc.freg. and image: 

better than — 55 dB 
Power-output. unmodulated: typ. 10 W 
Delivery: ex. stock to 8 weeks (standard model) 


Tel. West Germany 9133 47-0. For Representatives see cover page 2 
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Friedrich Krug, DJ 3 RV 


Microcomputer Clock-Pulse Generator 
linked to DCF 77 Off-Air Time-Standard 


For the correct evaluation of coherent trans- 
mitted computer signals the synchronization 
must be of the highest order of accuracy and 
stability. Together with the high input dyna- 
mic range and interference resistant DCF 77 
receiver, DJ 3 RV 006 / 007 described in (1), 
and the subject module DJ 3 RV 009, the ne- 
cessary synchronizing signals are generated 
and phase-locked to an off-air (German) fre- 
quency standard. The module delivers the 
4 MHz CPU sync. and the 16 MHz dot clock for 
the terminal card of the forthcoming computer 
described in VHF Communications 4 / 85 (2). 


1. 
CIRCUIT DESCRIPTION 


The circuit of this module is shown in fig. 1. The 
low noise junction FET (T 1) Collpits oscillator 
has already been used in this form in the circuit 


DJ 3 RV 007. The basic mode of the crystal (Q) 
oscillates in parallel resonance at 8 MHz and is 
fine-adjusted with the 10 pF trimmer and the 
varicap diode D 1 in order that it is phase-locked 
to a radio-standard derived frequency. 


The oscillator signal is then low-reactively 
coupled to transistor T 2 where it is amplified and 
passed toa filter L 1 and a level translator T5. The 
latter amplifies the signal to CMOS level and 
controls the frequency divider in | 3. The 8 MHz 
signal is then divided by a factor of 40 and compa- 
red with a DCF 77 derived, 200 kHz signal. The 
integrated circuit | 3 contains two programmable 
dividers connected in series. The first with a 
division factor of 4 : 1 and the second with a 
division factor of 10 : 1 fixed. The output of the 
first divider is available at pin 1 and the second 
at pin 2. These signals at 2 MHz and 200 kHz are 
available to adjust the frequency of the crystal 
oscillator. 


The output of the phase comparator is taken from 
the | 3 tri-state output pin 3 and controls the phase 
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Fig. 1: Circuit of Clock-Pulse Generator Module 
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Fig. 2: The bottom cover of the tin-plate housing is soldered directly to the PCB 


of the oscillator via CMOS switch | 2, the low pass 
filter and the varicap diode D 1. 


The CMOS switch | 2 opens in the event of a radio 
transmitter failure, or a fault in module DJ 3 RV 
007 through lack of voltage at Pt 902. The varicap 
(D 1) is then supplied by a fixed + 5 V from the 
precision regulator voltage reference | 1. The 
oscillator is working in an unlocked condition and 
therefore it has to be adjusted initially in order 
that its nominal frequency is exactly 8 MHz when 
the precision 5 V is being supplied by | 1. The 
6.2 MHz reference signal from the module DJ 3 
RV 007 present at Pt 903 at a power of — 6 dBm/ 
502, is amplified by T 7 and T 8 up to TTL level. 
The dividers | 6 and | 7 (both 74 HC 193) have 
been connected to scaledown by a factor of 31, 
bringing the reference frequency down to the ne- 
cessary 200 kHz (i. e. that of the phase compara- 


tor). Transistor T 6 amplifies the level to that of 
CMOS 


The 8 MHz oscillator signal, after being amplified 
by transistor T 2, is converted into a balanced 
signal by L 1 and then doubled in frequency by D 4 
and D 5. L 1 is tuned to 8 MHz and L 2 to 16 MHz. 
The 16 MHz signal, selected by L 2, is amplified 
by transistors T 3 and T 4 to TTL level. The fol- 
lowing inverter | 4, with a high-speed CMOS 
Schmitt-Trigger input, forms a square-wave 
signal which is fed to a dual D flipflop (1 5), inverted 
again and delivered to the computer BUS. | 5 is 
connected as a 4 : 1 divider which delivers the 
4 MHz signal to the computer BUS via an inverter 
used as a driver. 


The + 5 V and + 12 V supplies, needed for the 
operation of this module, are taken from the 
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Fig. 3: Component layout of board DJ 3 RV 009; there are 9 wire bridges on the board and 11 through-ground 
connections to the housing 
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computer rails. The supplies for the CMOS chips 
12,13 and driver T 6 are taken from a 9.1 V zener 
diode which is placed across the + 12 V rail. Also 
a low-noise, highly-stable 5 V supply is derived 
from the + 12 V supply which is used for the 
8 MHz VCO. The + 5 V from the computer rail is 
not suitable to be used as an oscillator supply as it 
is not stable enough and prone to interference 
from the computer workings. 


2. 
CONSTRUCTION 


The module is constructed using a double- 
sided PCB in the Euroformat of 100 x 160 mm 
as may be seen in fig. 2. It is screened with a 
tin-plate housing soldered on to the board — this 
helping to minimize radiated interference. 


The construction (fig. 3) is unproblematic,deman- 
ding the same requirements as the associated 
modules DJ 3 RV 006 and 007 described in (1). 
The component data may be taken from the fol- 
lowing parts list. 


2.1. Parts list 
Tt, RAORS: BF 246 A (Tl etc.) 
4 FS. hs, 08: 2N 5179 (RCA) or 
similar UHF Transistor, 
e.g. BFX 89; 
BFY 90 (Siemens etc.) 
De BC 550 C (Siemens etc.) 
11: REF 02 (PMI, Bourns) 
12: 4066 B (RCA etc.) 
13: MC 14568 B (Motorola) 
14: 74 HC 14 (Tletc.) 
15: 74 HC 74 (TI etc.) 
16,17 74 HC 193 (TI etc.) 
D1: BB 505 G (Siemens etc.) 
D2,0D4,D5 2800 (HP etc.) 
D3: Zener diode 9 V 2 
Ga: Filter kit Vogt D 41-2165, 


Colour orange 2 x 12 
turns, 0.2 Cul, 7 nH, 
4 turns, 0.2 Cul 


L2: Filter kit Vogt D 41-2165, 
Colour orange 12 turns, 
0.2 Cul, 1.7H, 3 turns, 


0.2 Cul 
Q: 8.000 MHz, 

paralle| 20 pF 
Trimmer: 10 pF air trimmer, 

Johanson Type 5200 
C1,C2: 100 pF, Styroflex 


The components not specifically detailed can be 
taken as being standard. 


Resistors: Type 0207 metal film 

Capacitors: Ceramic with 2.5 or 
5 mm spacing grid. 

3. 

TUNING INSTRUCTIONS 


The adjustment of the crystal oscillator is carried 
out with no input to Pt 902, to obtain a frequency 
of exactly 2,000,000 Hz at! 3 pin 1. Inductors L 1 
and L 2 are then adjusted for a maximum at the 
drain of T 3. The module is now ready to be con- 
nected to the computer BUS, Before using this 
module to supply the computer's sync. require- 
ments, the existing sync. arrangements on the 
CPU card and the terminal card must be rendered 
inoperative. 


4. 
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BRIEFLY 
SPEAKING... 


On the 20th - 21st Sept. 1986, 
Borehamwood & Elstree 
Amateur Radio Society and 
B.B.C. Elstree Centre will 
commemorate 50 Years of 
High Definition Television. 


On the 2nd November 1936, 
the B.B.C. started the first High 
Definition Television Service in 
the world, The first program- 
mes were seen by probably no 
more than 2,000 people, a 
figure which had grown to 
50,000 by the start of the war in 
1939 when transmissions ab- 
tuptly ceased. In 1985, the au- 
dience for the B.B.C.'s relay of 
the “Live Aid” concert was esti- 
mated worldwide to be 1500 
million. In half a century it has 
become the most powerful 
means of communication in the 
world. 


The Borehamwood & Elstree 
Amateur Radio Society will 
be operating S. S. B., C. Wand 
possibly R. T.T. Y. on 2, 10, 15, 
20, 40 and 80 metres subject to 
propagation conditions. A spe- 
cial QSL Card has been desig- 
ned and it is hoped that con- 
tacts will be made throughout 
the world. 


The transmissions will begin on 
September 20th at 1200 hours 
G. M. T. and continuing until 
September 21st at 2000 hours 
G. M. T. under the call sign 
GB2TV. 


Borehamwood & Elstree 
Amateur Radio Society 
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Editor's Note 


The constructional details of a 
wideband IF and FM demodu- 
lator has been received in the 
office from Roman Polz, DC 2 
CS. This module will be a suit- 
able addition to the TV satel- 
lite frontend described by YU 3 
UMV. The wideband IF / de- 
modulator article is planned to 
be published in the VHF CON- 
MUNICATIONS 3 / 86 edition. 


Practical advice on Home- 
made PCBs 


By chance, | came across a 
special foil made by the firm 
CHEMITEC with which it is 
possible to make PCBs easier 
than hitherto, How does it 
work? 

The A 4 format foil is placed into 
the paper magazine of a dry- 
copy machine. If possible, the 
copier is adjusted in order to 
achieve an optimum black- 
ness. Then the circuit layout 
is copied onto the special foil. 


The foil is then laid onio the 
copper side of the PCB and a 
smoothing-iron, set to “linen* 
or “cotton” is used to transfer 
the printed circuit onto the 
copper surface. This has to be 
done with a certain “fee!” since 
either too weak or too short, an 
application of the iron will re- 
sult in the transfer being in- 
complete, |f the application is 
too long or too hard, the tracks 
will be diffused. A professional 
way of doing it, would be, to use 
a heat-press or a heated roller. 
Following the printing, the foil 
is removed and the PCB placed 
in the etching bath. For the 
choice of etching material and 
etching techniques there are 
no restrictions. A mixture of 200 
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mi hydrochioric acid (35 %), 30 
mi hydrogen peroxide (30 %) 
and 770 mi of water (note: the 
figures in brackets are the con- 
centrations, also this mixture 
could be dangerous, use good 
ventilation). 

When the etching process has 
finished, the PCB is washed 
in water and the etching resist 
on the tracks removed with 
acetone. 

The special foil (TEC 200) is 
obtainable from CHEMITEC 
GmbH, Bergisch-Gladbacher 
StraBe 977, 5000 Koeln 80, 
West-Germany. Five DIN A 4 
sized foils cost DM 9,50. 


Dr. Roland Milker, DL 2 OM 


Dielectric Resonators 


Siemens offers the following 
frequency determining di- 
electric resonators for the 
microwave technology: 


The flat cylindrical body of 
insulating ceramic with a high 
dielectric constant (al present 
38.5) are smaller and cheaper 
than the normal coaxial and 
cavity resonators using invar. 
Q values of 3000 to 30 000. 
according to frequency. With 
ever decreasing size, the appli- 
cations range extends from 2 to 
16 GHz. 

Siemens Press Photo 
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MATERIAL PRICE LIST OF EQUIPMENT 


described in edition 2 / 1986 of VHF COMMUNICATIONS 


DJ3RV Microcomputer Clock-Pulse Generator linked Art. No. Ed. 2/1986 
to DCF 77 Off-Air Time-Standard 

PC-board DJ3 RV 009 _ single-sided, without component 6946 DM 30. 
plan, drilled 

DJ3RV/DB1NV Microcomputer System, Part 1: (S.M.P.S.) Ed, 2/1986 

PC-board DJ3RV010 — single-sided, with component plan, 6947 DM 36.— 
drilled 

Kit DJ3RV010 = with all components 6952 DM 498.— 

DB1NV A Miniature 70 cm Handheld FM Transceiver Ed. 2/1986 

PC-board DB1NV004 double-sided, etched on one side, 6957 DM 39- 
without comp. plan, drilled, silvered 

Components DB1NV004 101Cs, 13 transistors, 17 diodes, 6958 DM 529.— 


1 LED, 2 crystals, 1 crystal filter 
21.4 MHz/ 15 kHz, 1 ceramic filter, 
6 ready-made coils. wire for self- 
supporting coils, 39 ceramic caps.., 
12 blocking caps., 11 foil caps., 

9 electrolytics, 5 foil trimmers, 

1 preset, 1 poti’meter with switch. 
2 presets, 84 resistors, 1 tin-plate 
housing, 1 charge socket, 1 switch, 
2 push-buttons, 1 BNC socket, 
1mRG - 174, 3 BCD, code switches 


Kit DB1NV004 complete as listed, except 6959 DM 539.— 
microphone and batteries 


berichte Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdort 
Tel. West Germany 9133 47-0. For Representatives see cover page 2 
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Weather Satellite = UKWalpha 
Receive Systems UKW beta 


for private or professional use UKW gamma 
UKW delta 


NEW 10 image memories display NEW 
NEW -incolour, if desired - NEW 
NEW (storage capacity 4MBit) NEw 


Complete System 
UKW alpha 
from DM 4,950- 


including: antenna, converter 
receiver, 1image memory, 


monitor, interconn. cable 
This new Compact System offers... 


@ modular design,allowing extension 

@ movie display with the aid of 10(!) image memories 
@ programmable automatic reception 

@ brilliant colour images 

® zooming 

@ digital data output (optional) 


More information available af: 


Weather Satellite Systems 


UWtechnik “wmerce 


Terry Bittan Vertriebs-GmbH Tel, (09133) 47-0 
P.O.Box80 - JahnstraBe 14 
D - 8523 Baiersdorf (W.Germany) Telex 629887 


New - New - New - Now available ex stock 


Interface ,,slave 10° 


for the satellite rotator systems 
KR 5400 and KR &600 


Stock-Nr. 1001 DM 590.— 
(incl. connection cable) 


fully-automatic antenna tracking system for satellite communications 


connection to any computer possible via RS 232 


resolution of the dual-channel A‘ D converter amounts to 10 bits 


OSCAR 10 software for the C 64 available 
connection to existing rotator systems possible 


Table of commands: 


command response function 


rotation clockwise 

rotation counter clockwise 
rotation up 

rotation down 

ali rotators stop 

rotator stop vert. 

rotator stop horiz. 

preset position 
interrogation: pasition 


xxxxyyyy CR CR 
CR F xxxxyyyy CA 


R 
i 

u 
D 
$s 
v 
H 
G 
F 


XXXX: 
yyyy: 
CR: 


Vertical position (4 digits) 
Horizontal position (4 digits) 
CARRIAGE RETURN 


Technical data: 


Data exchange: 3-wire asynchron, full duplex 
inpul and output negative or 
positive 

1 start bit 

8 data bits 

2 stop bits 


1200 5/s 


Data format: 


Baud rate: 
14 V unstab, via control box 
K& 5400 or KR 5600 

160 x 80 x 130 mm 


Power supply: 


Dimensions: wxhxd 
Special accessories: 
Software on diskette for C 64 Art. nr. 1100 
Satellite rotator systems: 


KR 5490 
KR 5600 


Art. nr. 1013 
Art. nr, 1074 


System’s 
block 
diagram 


Vert. 
Rotor 


Hor. 
Rotor 


Control box 
KR 5400/5600 


Interface 
SLAVE 10 


COMPUTER 


DM 
DM 


809.— 
1070.— 


You should know 
what's behind our sign 


We are the only European 
manufacturers of these 


Miniature TCXO’s 


GCO 102, CCO 103, 
CCO 104, CCO 152 
modulable table 
higher stability than a 
quartz crystal: 
less than - 3 ppm over 
the temperature range 
30 to +60°C. (types B) 
low ageing rate: 
less than | ppm per 


Our R+D engineers are 
constantly working with 
new technolagy to 
develop new products. 
We can offer technical 
advice for your new 
projects or manufacture 
against your specification. 


Quartz crystal units in 
the frequency range 

| from 800 kHz to 360 
MHz Microprocessor 
oscillators (TCXO’s, 


year. 
wide frequency range: VCXO's, OCXO’s) 
10 MHz to 80 MHz crystal components 
low supply voltage: according to customer's 
+5V specifications 
low current consumption: 
3mA max, (series CCO 102) 
small outlines: CCO 104 = 2.6cm%, CCO 102/152 = 33cm, 

CCO 103 = 4,0cm3 
widespread applications e.g. as channel elements or reference 

oscillators in UHF radios (450 and 900 MHz range) 

Typos cco 102 cco 103 cco104 
A | B | F { A bj | Pr A | B | E 
Freq range 6-80 MH 6.4~—25 ME - 80 MHz 
stability WG to +60°C. ~30 to + BO°C 32 to +60°C ee 
vs lemp, range 
Curent fr tax, mA max. lOmA maz. 105. cco 15 52 Ae im 
consumption at B= +5¥ arUB~ 15¥ at UB - same size as © 
= SE a Natlon inputs 
input 10 dB/500hm TTL-compatible Odh/50Ob:n mod oe 
signal (Can-out 2) omnes yency! 
i. ie” | ar : impedance: 


. Your precise and reliable source 


TELE-QUARZ GMBH - D-6924 Neckarbischofsheim 2 
Telefon 0 72 68/1003 - Telex 782359 tq a: Telefax 07288/1435 


